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Abstract
-.thAt the end of the 20 century, and at the beginning of this one, wireless communications
are making large advances. The new technologies are on the way to provide a high-speed,
high-quality information exchange between handheld terminals, and information
repositories. The so called 2,5 generation networks, using the techniques like the
HSCSD1, GPRS2, EDGE3, and the
3r
generation wireless systems will help the wireless
world to reach those goals. In this thesis I will start from the first and second-generation
wireless networks, and then look into the 2,5 generation and
3rd
generation wireless
communications more in detail. The latest advances in the wireless world are the main
focus of this paper although a short history of wireless communications is also given. The
various aspects related to
3rd
generation systems will be explored in this thesis, for
example the air interface discussions, its time scale, its elements like the mobile
equipment, software and security, USLM4, services that will be offered, etc. In addition,
the technical factors and key technologies that are likely to shape the wireless network
environment of the future will be explored. This part is expected to help us to see beyond
the
3r
generation.
1 HSCSD: High Speed Circuit Switched Data
2 GPRS: General Packet Radio Service
3 EDGE: Enhanced Data Rates for GSM Evolution
4 USIM: User Service Identity Module is an application residing on the IC-Card used for accessing UMTS
services with appropriate security.
1. Introduction
Developments in wireless communications at the end of the last century and at the
beginning of this new millennium are very important issues. They are not only important
for the many millions of people working in the telecommunications industries but as well
for the many million users who will profit out of the new wireless services will be
offered. Discussing the so called 2,5 generation solutions, which are already starting to be
implemented by some wireless operators just before the 3rd generation networks may
appear, is also very important in building a complete picture of the world of mobile
communications. The 2,5 generation solutions are the GPRS, EDGE, HSDSCD and
others, which are simpler to start with for the wireless network operators and much
known today. Following these points the most important part to look into is the 3rd
generation network standardization efforts and how they may look like in the future. The
new services, new hardware, new software and air interfaces are important points to
check out. Discussing the technical issues like the air interface equally with the new
services the
3rd
generation wireless networks will bring, is important to see how the
subscribers will be served. One of the goals of this thesis is to equip the reader with
enough information that he can guess the evolution of the worldwide mobile
communication services and the new features it will be offering over the next ten years.
One of the important mobile services will be the mobile multimedia services, whose
evolution will be influenced by the convergence of the communications to IP and by the
evolution of the networked multimedia services like the ones heavily used through the
Internet and Intranets.
The new 3r generation systems will deliver voice, graphics, video and other broadband
information direct to the user, regardless of location, network or terminal. This new
generation will require the convergence of the existing and future fixed and mobile
networks and networking protocols. It is thought that the unified air interface frequencies
and standardization of all the possible aspects will create a trust in the systems and will
make it attractive to invest in them for the many users and operators.
3r
generation systems are expected to bring lots of benefits like improvements in
quality, security, incorporation of broadband and networked multimedia services,
flexibility in service creation and ubiquitous service portability. In particular the
networked multimedia which includes services such as video- and audio-on-demand,
interactive entertainment, educational and information services, and communication
services such as video-telephony and fast, large file transfers are expected to use the most
of the traffic capacity available by the system.
1.1 Why Third Generation?
In recent years there were many improvements made to the existing mobile
phones and mobile networks. Now, there are easy to carry phones, voice quality is
improved and call dropouts happen less frequently. However all those systems are still
not able to deliver the high speed data and communication necessary for multimedia
applications like the audio, video, real-time videoconferencing or high-speed Internet
connection.
Another important point is the complicated mobile standards now in use in
different countries and regions around the world. Due to the increased mobility of people
we do now need much more than ever before a single global standard for mobile
communications. Usually, when we travel around the continents our mobile phones do
not always work because the mobile networks function at different frequencies and use
different protocols. If we would like to be reachable worldwide we need to have different
mobile phones or we have to use phones which are able to operate in many different
frequencies5.
The older generations ofmobile systems were not designed to be global systems
but rather national or regional. So, it is much harder to try to standardize the older and
widely deployed systems than defining the next generation that will solve all those
incompatibility problems. This is what the organizations like ITU and UMTS Forum or
ETSI are trying to do. The new generation, developed with the cooperation of all possible
mobile industry members, is expected to solve the problem of incompatible standards.
Those incompatibilities make the life harder for the equipment producers, network
operators, managers of the radio frequency spectrum, and finally for the users, which
keep this business running. [2]
5 An example of this is the Triband mobile phone of the Motorola Company, which operates at 900, 1 800
and 1900 MHz frequencies.
1.2 Mobile Growth Forecast
Growth forecasts about the Mobile communications are very important because
these numbers show us why the mobile communications is important now and why it will
even get more important with the 3rd generation mobile systems. An example of their
importance can be seen by Figure.l, which shows the known and expected number of
mobile subscribers between 1995-2010 in EU (European Union) countries [1]. The
Worldwide diagram about the number of mobile subscribers is even more impressive as
seen in Figure.2. [1] As it shows the number of subscribers is expected to reach to
nearly 2 billion worldwide in 2010.
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As it can be seen from the Figure.2, taken from the UMTS Forum's Report, the
number of users of terrestrial mobile services is calculated to be more than 400 million at
the moment. This number is expected to increase to 940 million by 2005 and to more
than 1.7 billion users by 2010. The total number of users worldwide is derived by the
following figures of the different regions. In the North America number of users will be
around 190 million by 2005 and 220 million by 2010. The number of users in Asia
Pacific will be 400 million by 2005, and 850 million by 2010. In Western Europe this
number is expected to be 200 million by 2005 and 260 million by 2010. In the rest of the
world, there will be 150 million physical mobile users by 2005 and 400 million by 2010.
The percentage of the multimedia users in those numbers will be relatively small
at the start but the amount of traffic they are creating will be huge. For example in
Western Europe there will be nearly 32 million mobile multimedia users and this number
is expected to increase to 90 million by 2010.
Other important measures for the markets are the financial measures and the level
of traffic. This kind of data show that a 104 billion EURO6 per year mobile market is
forecasted for western Europe by 2005, while the amount of total traffic will reach 6,300
million Mbytes/month. Number ofmobile multimedia users will be relatively small but
the percentage of the mobile multimedia within the financial figures and traffic volume is
expected to be high. In the Western European market mobile multimedia traffic is
expected to be worth 24 billion EURO per year in 2005 and it will be using the 3,800
6 European Union's unit ofmoney
million Mbytes/month out of the total expected traffic volume of 6,300 million
Mbytes/month. [1]
Another part of the mobile market is the Satellite Communication market. This is
an important service because it can support the worldwide coverage, which can not be
satisfied by terrestrial mobile services alone. UMTS Forum's forecasts show that the
world market for physical users ofmobile satellite services (MSS) (including multimedia
MSS) will be 11.5 million by the year 2005, rising to 18.5 million users by 2010. They
expect 1 million MSS users in Europe by 2005, rising to 1.6 million by 2010. Of these
0.4 million users are expected to be multimedia MSS users in 2005, rising to 0.7 million
multimediaMSS users in Europe by 2010. Total traffic levels (multimedia + non-
multimedia) for the European MSS market will reach 22 million Mbytes/month in 2005,
rising to 40 million Mbytes/month in 2010. [1] These numbers are, not surprisingly, low
because the terrestrial connections are in very good in shape in Europe compared to the
rest of the world. Of course, the problems caused by Iridium case7 has restrained growth
of mobile satellite service users but it is likely to have only a short term effect and the
expected numbers in the European markets are still as mentioned above.
7 Satellite Mobile Network
"Iridium"
could not gain enough subscribers a long time to pay their high
operational costs, that's the way company is planed to be closed down and the satellites are planned to be
deorbited. Iridium LLC announced that it was terminating commercial service after 1 1:59 p.m. (EST-USA)
March 17, 2000, and that it was beginning the process of liquidating its assets. Motorola is looking for
buyers for the company. [61]
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1.3 Today & Future Use ofMobile Data Applications
(Industries' Convergence to IP)
An important issue for the growth of the mobile networks will be the data
applications available with the
3rd
generation mobile networks, which to date were not
very useful because of the failing bandwidth and technology of the
2nd
generation mobile
networks. Mobile customers want to continue making voice calls as usual but they also
want to be able to use the e-mail, access the corporate Intranets, use e-commerce
solutions, use information services and use all kind ofmessaging services. They would
like to access the Internet, make video conferencing through their mobile equipment with
only reasonable delays to run the applications effectively.
Today, the GSM network revenues for the mobile data is around 5% or less of the
total GSM revenues in most of the countries. This is due to the following reasons:
Expensive PC cards, which were proprietary for connecting PC's to telephone lines,
were needed.
Two phone lines were needed if the use of data and voice is planned on the same
time.
Having only a 9.6 or 14.4 Kbit/sec (kbps) transfer rate, which makes the data
connections boringly slow and costly.
All these disadvantages arose due to the missing convergence of communications
and computing technologies. Today, if we are suitably equipped
and we do not mind the
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long delays, we can still read our e-mails, access the Corporate Intranets, send SMS
messages. However poor bandwidth still lets us down. As we all know the unbelievable
growth of the Internet and multimedia technologies are pushing the mobile world to offer
far better solutions as soon as possible.
For the near future there is no killer application for wireless data except that
people would like to be reachable at all times. They would like to keep the information in
the office or on the road up to date. Of course all the other multimedia services
mentioned above are nice to have too. Companies in the mobile industry are aware of
those expectations of the huge user groups, and many mergers, acquisitions, and
partnerships are happening to offer the technologies of the future, which can meet those
expectations. We see voice traffic or any other kind of traffic is getting converted into IP
traffic nowadays. This points the way to the convergence of related industries into the IP
technology. But the industry still has weaknesses which prevent this being a real solution.
These deficiencies are the voice gateways, end to end control of the traffic, QoS (Quality
of Service)8, and network management facilities. However solutions to these problems
are on their way and soon the industry we will be able to offer all those and the industry
will converge voice with the IP technology and data networks. This will remove the need
of having two different networks for voice and data in the close future.
8 Quality of Service: the collective effect of service performances that determine the degree of satisfaction
of a user of a service. It is characterized by the combined aspects of performance factors applicable to all
services, such as: service operability performance, service accessibility performance,
service retainability
performance, service integrity performance, and other factors specific to each service.
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2. Mobile Evolution
One needs to understand the evolution of the mobile networks to be able to
understand the current situation in the wireless communications world. For this purpose,
a short section on the
1st Generation Wireless (AMPS, TACS, NMT, C450) and a slightly
longer section on the 2nd Generation Wireless Networks are included. This is because the
2n
Generation Wireless Networks are still in place all around the world and they provide,
for most of the wireless operators, a gateway into the
3rd
generation wireless networks.
Most of the operators will probably prefer to upgrade their
2nd
generation networks and
follow the intermediate steps instead of replacing the complete network with
3rd
generation hardware and software. Below is a summary of the different wireless systems
used around the world.
Table. 1: The Tangle of 2G Cellular and Cordless Standards * [27]
Americas Europe, Africa
Middle East
Asia-Pacific
Japan Others
Analogue AMPS NMT JTAC NMT
CT1 TACS TACS
CT1 AMPS
Digital D-AMPS GSM PDC GSM
PCS 1900 DCS 1800 CDMA CDMA
CDMA DECT, CT2 PHS CT2
CT2.PWT, PACS
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2.1 1st Generation Wireless (AMPS, TACS, NMT,
C450)
In the early 1980s, developed countries started to introduce the so-called First
Generation Systems. An example of those can be seen with the AMPS in the US, TACS
in the UK, and NMT in the Scandinavian countries. Those systems were all analogue,
offering national coverage and very limited services. There were no real concerns yet for
a worldwide mobile solution. A short historical outlook of some of those Analogue
Cellular systems could be listed as following [24]:
C-Netz - 450MHz (C-450)
1981 Nordic Mobile Telephone (NMT) 450 - 450 MHz
1983 Advanced Mobile Phone Systems (AMPS) - 800MHz
Narrowband Analog Mobile Phone Service (NAMPS)
1985 Total Access Communications Systems (TACS) - byMotorola, 900MHz
1985 Radiocom 2000 (RC2000)
1986 Nordic Mobile Telephony (NMT) 900 - 900MHz
The following table about the Analog Cellular Systems lists all of them. Some of them
will be discussed a bit more in detail later on.
Table. 2: Summary ofAnalog Cellular Systems *[26]
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Mobile TX/ Base
TX(MHz)
Number of
Channels
AMPS 824- 849/ 869- 894 30 832 USA, Australia
TACS 890- 915/ 935- 960 25 1000 Europe
ETACS 872- 905/ 917- 950 25 1240 UK
NMT450 453- 457.5/ 463- 467.5 25 180 Europe
NMT900 890- 915/ 935- 960 12.5 1999 Europe
C-450 450- 455.74/ 460-465.74 10 573 Germany, Portugal
RIMS 450- 455/ 460- 465 25 200 ltalv
NTT 925- 940/ 870- 885 6.25 2400 Japan
JTACS 915- 925/ 860- 870 12.5 800 Japan
2.1.1 A Few of the Analog Cellular Systems in Detail
2.1.1.1 The Advanced Mobile Phone Service (AMPS)
One of those systems 'The Advanced Mobile Phone
Service'
(AMPS) was
released in 1983. It used the 800-MHz to 900-MHz frequency band and the 30-kHz
bandwidth for each channel as a fully automated mobile telephone service. It started to be
used in the cities first and then expanded to the rural areas. [23]
AMPS, was used throughout the world and was particularly popular in the United States,
South America, China, and Australia. It uses frequencymodulation (FM) techniques that
15
were revolutionary for its time. Despite this there are limitations of the AMPS as with all
the other analog systems. Those limitations are:
Low calling capacity although the frequency reuse is implied by smaller cells9-
Limited spectrum & no room for spectrum growth.
Poor data communications possibilities.
Minimal privacy and security.
To solve the problem of low calling capacity 'Narrowband AnalogMobile
Phone Service' (NAMPS) was developed later on. NAMPS was an U.S. cellular radio
system that combined existing voice processing with digital signaling, tripling the
capacity of AMPS systems. The NAMPS concept uses frequency division to get 3
channels in the AMPS' 30-kHz single channel bandwidth. NAMPS provides 3 users in an
AMPS channel by dividing the 30-kHz AMPS bandwidth into three 10-kHz channels. Of
course, smaller channels increase the possibility of interference because channel
bandwidth is reduced. [23]
2.1.1.2 NMT (Nordic Mobile Telephony)
NMT is an analog cellular standard developed by Ericsson and used in over 40
countries around the world. It operates on two frequencies, 450 MHz and 900 MHz.
9 Cell: A cell is a geographical area that can be identified by a User Equipment from a (cell) identification
that is broadcast from one base station. A Cell is either FDD or TDD mode.
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NMT 450i is just an improved version of NMT450. When it was deployed it had a great
opportunity of being able to use the 450 MHz and 900 MHz systems, using the same
exchange and cell sites. [25]
2.1.1.3 TACS (Total Access Communications System) and Others
TACS started its commercial cellular service in UK in January 1985. Around the
same time the following services were introduced: Nordic Mobile Telephone (NMT), C-
450 in Germany, Radiocom 2000 in France, NTT in Japan and Radio Telephone Mobile
System in Italy.
2.2 2nd GenerationWireless Networks
GSM is the most common second generation mobile system around the world. It
was designed with the joint efforts of the manufacturers, regulators and service suppliers
mostly within Europe. For this reason it first became a
European standard and then later
was accepted through the world. CDMA technologies, which are collected under the
name cdmaOne, are the other second-generation systems after
the GSM. CDMA was
launched later than GSM and although there are many arguments that it is better as the
GSM it still could not reach to the market growth of the GSM.
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Compared to the first generation, the second generation systems offer open standards,
digital technology, national coverage roaming10, combined voice and data transmission,
and some supplementary services11. All of these are revolutionary compared to the first
generation networks but still not enough to have a worldwide standardized mobile
communication system.
2.2.1 GSM
Global System for Mobile Communications (GSM) is the winner of the 2nd
generation mobile world from the point of view ofmarket share. It is used in 120
countries around the world. An important feature that causes GSM to be the winner until
now was it's open architecture. This architecture allows operators to be flexible with
equipment selection and allows them to easily integrate the latest technology
advancements. The Global System forMobile Communications (GSM) defines a
complete and integrated digital cellular network system. The development of GSM
started in 1982 to overcome the difficulties arising from the operation of numerous
incompatible analogue cellular systems throughout the Europe. At the start the GSM
10 Roaming: the ability for a user or mobile equipment to function in a serving network.
1 1 Supplementary service: is a service which modifies or supplements a basic telecommunication service.
Consequently, it cannot be offered to a customer as a standalone service. It must be offered together with or
in association with a basic telecommunication service. The same supplementary service may be common to
a number of telecommunication services.
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acronym stood for "Groupe Special Mobile", which was the group developing the
standard. But later on this was changed to Global System forMobile Communications.
GSM is designed to operate in the primary spectrum range of 890-915MHz and 935-
960MHz. The standard was released in January 1990 and the first commercial systems
were launched in the middle of 1992. After the launch of GSM standard, the United
Kingdom requested a specification based on GSM but for higher user densities with low-
power mobile stations, and operating at 1.8 GHz. The specifications for this system,
called Digital Cellular System (DCS1800) were published 1991. [20]
GSM networks presently operate in three different frequency ranges. These are [19]:
GSM 900 (also called GSM) - operates in the 900 MHz frequency range and is the
most common in Europe and the world.
GSM 1800 (also called PCN (Personal Communication Network), and DCS 1800) -
operates in the 1800 MHz frequency range. It is available by many countries in the
Europe.
GSM 1900 (also called PCS (Personal Communication Services), PCS 1900, and
DCS 1900) - the only frequency used in the United States and Canada for GSM.
2.2.1.1 GSM Services
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GSM offers voice, data, fax, SMS (Short Message Service) and some
supplementary services, which are provided on top of teleservices12 or bearer13 services.
Some of them are call forward, call barring14 of outgoing or incoming calls, caller
identification, call waiting, multi-party conversations etc.
The data services offered by the GSM networks are only circuit switched services, and
they are only low speed. The newer applications developed mostly for multimedia
services15 cannot be run over the low speed transmission links.
2.2.1.2 Components of the GSM Networks
Experts usually divide the components of the GSM networks into 3 main
networking groups. They are depicted in the following figure. [21]
12 Teleservice: is a type of telecommunication service that provides the complete capability, including
terminal equipment functions, for communication between users according to standardized protocols and
transmission capabilities established by agreement between operators.
13 Bearer service: is a type of telecommunication service that provides the capability of transmission of
signals between access points.
14 Call Barring: This allows to prevent outgoing calls to certain sets of destinations, based on the number
dialed and whether the user is roaming. In UMTS, it is proposed that this service allows to block outgoing
calls based on a wider range of parameters that could include factors such as the time of day, day of week,
location, type of call requested, cost of the service and/or destination. It is invoked during the initial
outgoing call set-up procedure and allows the call to be blocked prior to incurring any charges. This
Service can be applied to any teleservice for both connection-oriented and connectionless-oriented services.
15 Multimedia service: Multimedia services are services that handle several types of media. For some
services, synchronization between the media is necessary (e.g. synchronized audio and video). A
multimedia service may involve multiple parties, multiple connections, and the addition or deletion of
resources and users within a single call.
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Figure. 3: Components ofGSM Networks *[21]
But to examine them more closely one could draw the following Figure. 4 and explain
the components as the foliowings:
Figure. 4: Detailed Components ofGSM Networks
2.2.1.2.1 Mobile Station (MS)
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In the definition of the MS there is Mobile Equipment (ME) and a smart card
called the Subscriber Identity Module (SIM). The SIM inserted into mobile equipment
provides the user's identity independent of the mobile device. SIM supports User
identification, Location Information, Security and ciphering functions. The SIM card
contains the International Mobile Subscriber Identity (EVISI) used to identify the
subscriber to the system, a secret key for authentication16 and other information. The
mobile equipment is the physical hardware of the mobile phone. The International
Mobile Equipment Identity (IMEI) is used to define the identity of any ME.
2.2.1.2.2 Base Station Subsystem
The Base Station Subsystem (BSS) has the Base Transceiver Station (BTS), the
Base Station Controller (BSC), and the Transcoder (XCDR) or Transcoder and Rate
Adapter Unit (TRAU). The standardized Abis interface in BSS allows operation between
components made by different suppliers. It links the BSC and a BTS, and allows control
of the radio equipment and radio frequency allocation in the BTS. BSS takes the
responsibility for all radio aspects of GSM, removing these functions from the Mobile
Switching Center (MSC). In mobile device crowded areas many BTSs are needed. BSC
manages the radio resources for one or more BTSs. Its main function is the control of
radios and switching functions. BTS is the actual base station, which contains
the radios
that communicate with mobile phones, an antenna system and supporting hardware and
16 Authentication: a property by which the correct identity of an entity or party is established with a
required assurance. The party being authenticated could be a user, subscriber, home environment or serving
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software. TRAU or the XCDR is the interface between the MSC and the BSS. The
speech within the PSTN orMSC, which is 64 Kbit/s, is reduced to 13 Kbit/s at TRAU for
transmission over the air interface. [52]
2.2.1.2.3 Network Subsystem
The Mobile Services Switching Center (MSC) is the heart of the fixed
infrastructure and it is effectively a telephone exchange for GSM mobile calls. It makes
the appropriate connections to establish telephone calls, links the GSM network into the
PSTN, handles the billing, fulfils the functions like registration, authentication, location
updating, handovers and call routing to a roaming subscriber.
The Home Location Register (HLR) and Visitor Location Register (VLR), together
with the MSC, provide the call-routing and roaming capabilities of GSM. The HLR
provides a permanent record of all subscribers who belong to the home network. There is
one logical HLR per network but it may be implemented as a distributed database.
The Visitor Location Register (VLR) holds subscriber details temporarily whilst a user
is within a particular geographical area. This means VLR has a limited version of the data
HLR holds but it has data from the subscribers of the other networks whilst they are in its
region. Usually there is one VLR perMSC covering typically the area of a city. VLR
network.
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could be built as an independent unit but usually all manufacturers of switching
equipment implement the VLR together with the MSC.
The Equipment Identity Register (EIR) is concerned with the security features of the
mobile equipment. It basically keeps a database that contains a list of all valid mobile
equipment on the network. As we know its International Mobile Equipment Identity
(IMEI) identifies each mobile equipment. An IMEI is marked as invalid if it has been
reported stolen or is not type approved. This type of devices might be prevented from
accessing the network. The devices are listed in three groups from the IMErs point of
view. The first group is the White-listed devices. Those are allowed to connect to the
network. The second is the Grey-listed devices group. Those are under observation from
the network for possible problems. The third group is the Black-listed devices. Those
have either been reported stolen, or are not type approved (the correct type of terminal for
a GSM network). Because of those reasons these types of devices are not allowed to
connect to the network. [22]
The Authentication Center (AuC) is concerned with security and ciphering. It is
basically a protected database that stores a copy of the secret key stored in each
subscriber's SIM card which is used for authentication and encryption over the radio
channel.
Echo Canceller (EC) provides cancellation of up to 68 milliseconds of delay and
prevents any echo due to combining of signals from 4 wires to 2 wires.
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Internetworking Function (IWF) provides an interface between GSM and other
networks involved in the transport of user data.
Operations and Maintenance Center (OMC) is a centralized control point from which
performance of the network can be remotely monitored and controlled. There is normally
one OMC per regional area on the network.
NetworkManagement Center (NMC) sits at the top of the management hierarchical
tree and has overall responsibility for the network.
2.2.1.3 Air Interface
GSM divides the available 25 MHz bandwidth into 124 carrier frequencies spaced
200 kHz apart from each other. [50] It assigns one or more carrier frequencies to each
base station. Then it divides those carrier frequencies in time, using a Time Division
Multiple Access (TDMA) scheme. There are 26 frames used in its traffic channels
(TCH). The length of a 26-frame multiframe is 120 ms. Out of the 26 frames, 24 are used
for traffic, 1 is used for the Slow Associated Control Channel (SACCH) and 1 is
currently unused. TCHs for the uplink and downlink are separated in time by 3 burst
periods, so that the mobile station does not have to transmit and receive simultaneously,
thus simplifying the electronics. [51]
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An important point for the air interface is interference. Electromagnetic
interference might cause errors for wireless communications. To protect against those
errors GSM uses convolutional encoding17 and block interleaving18 to protect its radio
interface. Of course there are other problems as the reflected signals bounce off
everything like the buildings, hills, cars, airplanes, trains, etc. Because of this reason
many reflected signals, each with a different phase, can reach an antenna. GSM uses
Multipath equalization to extract the desired signal from the unwanted reflections.
Multipath equalization finds out how a known transmitted signal is modified by multipath
fading, and basically constructs an inverse filter to extract the rest of the desired signal.
2.2.1.4 Data in GSM
Up until now data by GSM networks were basically handled as depicted in the
following Figure. 5.
17 Error protection code encoding data bits in a continuous stream. An error correction code in which each
m-bit information symbol to be encoded is transformed into an n-bit symbol (n>m) where the
transformation is a function of the last k information symbols, and k is referred to as the constraint length
of the code. Convolutional codes are often used to improve the performance of the radio and satellite links.
[60]
18 A data communication technique, used in conjunction with error correcting codes, to reduce the number
of undetected error bursts. [60]
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Figure. 5: Data by GSM Networks
A more detailed picture of this data communication method shows us the
following elements and information as in Figure. 6.
DTE
12 Kbit/sec Ml
PCMCIA
12 (22.8) Kbit/sec
(33.8) K bit/sec
BTS
MODEM IWF
9.6 Kbit/sec
Rate
Adapter
12(16) Kbit/sec
BSC
12 (64) Kbit/sec
MSC
12 (64) Kbit/sec
12 (16) Kbit/sec
TRAU
Figure. 6 : Data Communication Details in GSM
Here between the Notebook and the GSM phone we have 9.6 Kbit/sec connection
used for the data. There are some control signals used and the actual bit rate is 12
Kbit/sec on this connection. At the GSM phone there are some more bits added for the
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error correction and transmission and the value of 22.8 Kbit/sec is reached when the data
is on the air. Of course there is another way to increase this value a bit more by leaving
the error correction to the application level. If the network is allowing this option then we
can reach to 33.8 Kbit/sec as seen in the figure. But this is not the point we should be
really interested in. The more important point is to see the limitations of the GSM for the
data transfer. By looking into the way GSM data flows in the figure, it can easily be seen
that the error correction bits are removed at the BSS (BTS/BSC), and the 12 Kbit/sec data
which is left is sent to the TRAU at the rates of 16Kbit/sec. TRAU, adapts this to 64
Kbit/sec (padding) to transfer to MSC. MSC relays the signals to the GSM network entity
known as the Internetworking Function (IWF). This, which contains a rate adapter, will
remove the 64 Kbit/sec padding, reconvert the 12 Kbit/sec into original 9.6 Kbit/sec data
plus the control signals and feed that to the modem. This scenario is actually very similar
when connecting to the packet networks like the ISDN. One difference is that the DCE is
not a modem but an ISDN connector or a Packet Assembler/Disassembler (PAD). But all
of those are still in the IWF and the rate adoption through the GSM network is
unchanged.
GSM air interface is the bottleneck of the data transfer in GSM systems. A single
timeslot carries 22.8 Kbit/sec or, without the error correction, 33.8 Kbit/sec. But this can
be used as 9.6 Kbit/sec or 14.4 Kbit/sec actual data because of the reasons explained
above. Round figure of the efficiency of the timeslot could be calculated with the
formula (data bits /all bits transferred). This makes 9600 / 22800 = 0.4215, which means
42 % of the total available timeslot. To be able to obtain the 14.4 Kbit/sec data the
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puncturing schema is changed, and more bits are removed with puncturing before data is
on the air. As seen in the Figure. 7 the 290 bits are transmitted on every 20ms compared
to the 240 bits sent by the 9.6 Kbit/sec case. 288 of those bits are used for the data and the
remaining 2 are used for the control data. The air interface is still 22.8 Kbit/sec as before.
GSM with 9.6 Kbit/sec data rate
240 bits
Block Code
240+4
244 bits 1/2 Rate
Convolutional
Code
488 bits
Puncturing
488 32
%
456 bits
22.8 Kbits/sec
GSM with 14.4 Kbit/sec data rate
290 bits
Block Code
290+4
294 bits 1/2 Rate
Convolutional
Code
588 bits
Puncturing
588-132
456 bits
22.8 Kbits/sec
Figure. 7: Channel Coding in GSM
There are several possibilities to reach to higher data rates. One of them is to
reduce the control signals connecting the DTE and DCE. Another possibility is to use the
error protection bits as data bits, and leave the error protection to the application level.
Another solution, which is used in the HSCSD, is where several air interface timeslots
can be bound together and the complete bandwidth used. So if all the GSM timeslots are
used we can reach to 8x22.8 Kbit/sec = 182.4 Kbit/sec air interface as a maximum.
2.2.2 CDMA (Code DivisionMultiple Access)
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CDMA is a "spread spectrum"technology, which spreads the information
contained in a particular signal of interest over a much greater bandwidth than the
original signal. It offers, theoretically, 8 to 10 times capacity of the AMPS analog system
and 4 to 5 times that of a GSM system. It uses the same frequency in every sector of
every cell, enhances privacy and supplies bandwidth on demand. The historical evolution
of the standard is as seen by the following Figure. 8.
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Figure. 8: History of CDMA Standard *[4]
2.2.2.1 Technical Characteristics
Some technical part of the CDMA standard can be summarized easily in the table
below which puts the CDMA channel number to CDMA frequency assignment
correspondence together.
Table. 3: CDMA Channel Number to CDMA Frequency Assignment
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Correspondence *[26]
Transmitter CDMA Channel
Number
Center Frequency of
CDMA Channel in
MHz Bl
Mobile Station
(800 MHz)
1 <= N <= 777
1013 <=N<= 1023
0.030 N + 825.000
0.030 (N- 1023) + 825.000
Base Station
(800 MHz)
1 <= N <= 777
1013 <=N<= 1023
0.030 N + 870.000
0.030 (N- 1023) + 870.000
Mobile Station
(1900 MHz)
0<=N<=1199 1850.000 + 0.050 N
Base Station
(1900 MHz)
0<=N<=1199 1930.000 + 0.050 N
In CDMA a number of users will have access to the same block of spectrum at the
same time. Spread Spectrum Techniques as CDMA were used in military applications at
very start due to the difficulties of intercepting and jamming transmissions. Their
potential advantage of high spectral efficiency led to the company Qualcomm developing
a CDMA system which was officially adopted in 1993 by the Telecommunications
Industry Association and become known as Interim Standard (IS) 95.
The most important techniques used in the Spread Spectrum Technologies are the
Frequency Hopping and Direct Sequence. Frequency hopping constantly changes the
transmission frequency by spreading it across the spectrum. It was used traditionally for
security purposes, but now it is used by systems like the GSM for minimizing the effects
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of multipath propagation and fading. Direct Sequence as used in IS95 spreads the signal
prior to modulation, and produces a wide bandwidth baseband and then modulates this
onto a single carrier.
In CDMA the signals are buried into the noise. Therefore the method of raising
them above the noise is not a frequency filter but a code filter, because all those signals
are on the same frequency and in the noise level. Basically prior to modulation the
Modulo 2 type of data signal we would like to transfer is added to a higher bit rate code
as 1.2288 Mbps to produce a correspondingly wider bandwidth signal. At the receiver
side we add to the code again a modulo 2 signal and reproduce the original data. This
narrows and raises the spectrum above the background noise such that it may be
demodulated. Of course by using a different code for each transmission we can get many
transmissions occupying the same block of spectrum. On the receiver side all we need is
to use the right code to pull the right signal out of that background noise.
There are several Spreading and Channelization Codes used in the 1.2288 Mbps
code mentioned above. Those are added with the Modulo 2 make the system work. One
of those codes is the Long Code. This code in IS95 is generated from a 42-element shift
register and only repeats once every 41 days. There is only one long code defined in
IS95. Another one is the Long Code Mask. This is a simple 42-bit pattern used to
modify the Long Code. It is determined by the Electronic Serial Number (ESN) of the
mobile terminal and therefore unique to each mobile terminal. Another code is the Walsh
Codes. It consists of 64 different 64-bit sequences, all of which are orthogonal. This
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means that if any one sequence is compared to any other sequence then there will be 32
bits that are the same and 32 bits that will be different. The result of this is that when
looking for one code any interference caused by anotherWalsh Code should produce a
zero result. Walsh codes are used to identify different channels on the downlink.
The simplified transmit and receive process of the CDMA can be shown as in the
figure below. As seen the modulo addition of the spreading codes at both transmitter and
receiver provide the original data at the receiver output. In practice the transmitter is
much simpler than the receiver system in CDMA. Receiver has rake and synchronization
components additionally.
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Data Digital
Modulator
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Radio
Carrier
W-CDMA
Output
Radio
Modulator
De-Spreading
Code
Digital
Data Digital ;
Demodulator
Rx
Radio
Carrier
Modulatec
Carrier
Radio
Demodulator
Figure. 9 : Tx, Rx Schema for the CDMA
Some more basic characteristics of the CDMA systems can be seen in the table below.
Table. 4: CDMA characteristics.
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Multiple Access Schema Direct Sequence CDMA
Duplexing Method FDD
Chip Rate 3.84 Mcps
Bandwidth 5 MHz
Carrier Spacing 200 kHz Raster
Frame Length 10 ms
Slots per Frame 15
Inter Cell Synchronization None
Spreading Factor Variable (4-512)
User Data Rate 8 -> 384 Kbps
2.2.2.2 Spectral Efficiency Comparison with GSM
CDMA is spectrally efficient compared to the GSM. At a single GSM cell a 200
kHz carrier has the ability to carry up to 8 simultaneous calls. This means the net
bandwidth occupied by each call is 25 kHz. At a single CDMA cell a 1.25 MHz carrier
has the ability to carry 32 simultaneous calls. This means the net bandwidth
occupied by
each call is 39 kHz. So it looks like CDMA is less efficient using this comparison. But
when considering a number of cells in close proximity the
situation changes. As known
GSM uses frequency re-use patterns and if we consider a pattern of 7 is used the
calculation changes. 7x200KHz = 1.40 MHz is used compared to the 1.25 MHz of the
CDMA uses. And the net bandwidth occupied by each call is still 25 kHz. This means in
the 7 cells we can carry 7x8=56 calls at maximum.
But the CDMA can use the same 1.25
MHz frequency in the neighbor cells again and again. This
means 7x32= 224 calls are
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possible with the CDMA system and the net bandwidth occupied by each call is 5.5 kHz
compared to the 25 kHz of the GSM.
But the spectral efficiency does not mean unlimited number of transmissions will be
possible with the CDMA technology.
Soft Blocking
As there can be almost infinite number of codes generated it is theoretically
possible to have unlimited number of transmissions on a single carrier. But in practice
this is not the situation, because the noise level increases with the additional number of
transmissions and becomes a disturbing background noise. This way the quality of the
calls deteriorates due to the background noise. Soft blocking is a term used to describe
customers hanging up due to this deteriorating quality and creating kind of a self
controlled regulating system. But in reality network operators would not desire such a
situation and real system parameters will actually cause a hard limit to the number of
calls on a carrier.
2.2.3 TDMA
TDMA is the main technology used by the GSM systems. There is no need to go
great explanation because the GSM networks have already been covered in more detail
compared to the CDMA networks and the
1st
generation wireless networks.
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TDMA refers actually to Time Division Multiple Access, which is a particular method
for sending information over the common air interface. But the name TDMA is also
commonly used to refer to a family of mobile telephone systems.
Considering the different definitions it is possible to say the following about the TDMA:
As an air interface TDMA divides the available spectrum into a series of very tightly
defined radio channels, and each channel is divided into time slots. The time slots are
grouped together to form frames. TDMA allows multiple users to share the same
radio channel by assigning the data packets from each conversation to a particular
time slot. [3], [11], [14]
From the point of the TDMA Based Mobile Phone systems, TDMA means a bit more.
Although there are other particular names given to TDMA based systems some of
them, like the American Digital Cellular (ADC), were just known as TDMA phones.
The most known TDMA mobile phone systems are IS-54, and IS-136. [11]
IS-54, was the first American Digital Cellular system. The predecessor to IS-54 was
the Advanced Mobile Phone System (AMPS). AMPS, is commonly referred to as
analog cellular. In order to increase the number of users supported in AMPS, IS-54
introduced digital voice channels. Through the use of a vocoder it was possible to
allow up to three users to share the same voice channel. It is important to note that the
control channel in IS-54 was still analog.
IS-136 is basically an interim Standard, which details the exact functionality of the
digital control channel. Its first version was the revision 0, it has since been updated
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by revision A. Revision 0 introduced a lot of new services and features to American
Digital Cellular. These new features include: enhanced user services, sleep mode,
private systems and enhanced security. [11]
Some characteristics of the TDMA based mobile networks and comparison of them
inside their own category could be done as in the following table.
Table. 5: Characteristics of Contemporary TDMA Systems *[26]
Bandwidth
(carrier
spacing)
Upstream Slots
per frame
Percent
Payload '
in Time
Slot
IS- 54 48.6Kbps 30 kHz 6.7ms 3 (6 with half- rate coder) YES 80%
GSM 270.8Kbps 200 kHz 0.577ms 8 (16 with half- rate coder) YES 73%
PDC 42Kbps 25 kHz 6.7ms 3 (6 with half- rate coder) YES 80%
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3.Further Steps to 3rd Generation : HSCSD,
GPRS, EDGE,WAP
The intermediate steps before implementing the 3rd generation networks are really
important to the operators, if they do not like to give up their existing infrastructure but
follow a path of upgrading transitionally. Most of the operators would like to protect their
current investment and follow a transitional phase for the implementation of the 3rd
generation. The organizations, like ITU, working on the new standards are aware of this
situation very well as most of their members are operators and equipment manufacturers.
This makes the organizations sensitive to the need to protect the investment. Those
intermediate solutions are already being implemented by some of the operators nowadays
and they are becoming more important for all the network operators and the rest of the
telecommunications world. [2]
3.1 Why The Need For Intermediate Solutions?
The consumer is looking beyond the voice only mobile services now
available. There is however still some time before the
3rd
generation mobile networks are
operational. In addition the amount of investment made in the
2nd
generation networks is
so huge that no operator can throw them away in one day and start building a complete
new
3rd
generation (3G) network. So, the telecommunications industry needs to find a
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way to get use out of those networks for the operators and the consumers who are both
focused to deliver and use data on an increasing scale.
GSM is able to deliver 9.6 Kbits/sec or 14.4 Kbits/sec bandwidth for the data transfers
today. This is not enough for most of the applications consumers would like to be able to
use through the mobile. The solutions like HSCSD, GPRS, EDGE, WAP are the answers
of the industry until a better solution arrives (3rd generation). Those technologies make it
possible for the mobile operators to keep the old network and make no or only some
changes and additions to their infrastructure and offer some improved bandwidths and
new services to their consumers.
After a new service is released to consumers it usually takes several years to reach
a volume of consumers that can be seen as the mass market. Because of this reason
operators should start early enough in the target markets and businesses. Operators that
become early adopters of mobile data can gain a significant advantage over their
competitors, both in terms of customer loyalty and in-house expertise. This is another
important reason for the operators to start with the generation just before the
3r
generation (so called generation 2,5). [17]
3.2 HSCSD (High Speed Circuit-Switched Data)
The connections used in the fixed networks for speech and data were Circuit
switched connections for many years which occupy the line as long as the connection
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exists. It makes sense in the case of a continuous data stream to be transmitted, like the
video transmission, which requires a constant bit rate and transmission delay. The
HSCSD is still a circuit switched data connection, which occupies several timeslots
together, but it will offer more bandwidth for the data customers who need those
bandwidths now.
High Speed Circuit Switched Data (HSCSD) was approved and specified by ETSI
in February 1997. The HSCSD bit rate, 57.6 Kbit/s uncompressed, is comparable to one
ISDN B-channel. [17] HSCSD offers the mobile operator and subscriber a number of
benefits. The operator benefits from HSCSD' s higher bit rates without having to redesign
its GSM network. HSCSD is already commercially available by many operators around
the world before General Packet Radio Service (GPRS). But the mission of the HSCSD
will not be finished until the GPRS and other enhanced services are introduced due to the
fact that the bandwidth ofHSCSD is guaranteed and there will always be a need for
connections with guaranteed bandwidth. [17]
Some examples of applications HSCSD could be useful are:
E-mail download and upload.
Bandwidth guaranteed mobile high-speed LAN access.
File transfers.
Vertical applications such as batch-type field sales info or document transfer.
Real-time applications demanding a constant bit rate and transmission delay.
Time-critical wireless imaging (applications such as mobile navigation services).
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Mobile videophony. [17]
Looking deeper into how HSCSD works we need to start looking into uplink,
downlink streams of the GSM mobile devices. The uplink and downlink of the GSM
traffic is handled on different frequencies. But there is one restriction HSCSD places
upon multiple timeslot links and that is that the timeslots allocated must be consecutive.
This means the standard routine of receive, transmit, monitor a neighbor should be able to
run within an 8 timeslot frame. This makes the use of more than 2 channels together very
hard as can be seen by the Figures 10 and 11 below. When using 3 timeslots it might
look like there is no problem in the figure but due to the timing advance applied to the
uplink there is a problem. But this is the case for the symmetrical use of the uplink and
downlink channels.
Mobile Rx
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
\ Measure \ Measure
\ a Neighbour \ a NfTighbour
Mobile TX \ / \ /
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
2-timeslots
Data Rate : 28.8 Kbit/sec
Figure. 10 : HSCSD with 2 Timeslots
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Figure. 11 : HSCSD with 3 Timeslots
Because of this reason we need to make substantial hardware changes in the mobile
station if we would like to use symmetrically 3 or more channels for the transmission and
reception (uplink-downlink). But there is another solution to this additional hardware
requirement by using asymmetrical uplink and downlink channels as seen by the Figure.
12 below. This is possible because of the usual nature of the data traffic. If we are not
using 2-way video or some similar type of data service, usually the nature of the data
downloads are asymmetrical. This means that while we download things we usually do
not send much data to the host while we download the data, but the host keeps sending
data and needs much more bandwidth on one direction. TCP/IP sessions are usually
typical examples of this scenario. Most of the data transfer goes from the host to the
terminal. Only a fraction of the traffic goes in the opposite direction. In this case, usually
the uplink does not need more than one 14.4 Kbit/s timeslot.
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Figure. 12 : HSCSD with Asymmetric 4-Rx, 1-Tx Timeslots
This means we can put the following Table. 6 together easily. But the reality may look a
little bit different because one interesting point, which could cause problems for the
HSCSD, is the possible need for new mobile devices if the consumer needs to use more
than 3 timeslots on the same time. This is because of the reason that up to three
consecutive timeslots in one frame can be used by mobile devices with only one
transceiver. Ifmore than three timeslots are to be used, the mobile device needs a
separate receiver for monitoring. For this reason, the first HSCSD capable devices will
use symmetrically 2 channels for transmit and receive or 3 for the receive and 1 for
transmit asymmetrically. Another point directs to this way is that if the mobile device
uses more than one transceiver for one transmission direction the amount of energy it will
use will increase and the batteries will be much quicker empty again.
HSCSD offers both transparent and non-transparent types of service as the answer
for as many applications as possible. Transparent bit rates mean HSCSD will offer
constant bit rates and transmission delay. This is very useful for video applications
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requiring a constant bit rate as mentioned above. But for this purpose we need to make it
sure that the used number of timeslots must always be available. This is not so easy if the
mobile object is moving and changing cells continuously because we need to make sure
that there is a clean Handover that takes place and that the next cell will have enough
timeslots available to keep the link up. With the non-transparent service there is no such
Handover problem if we have at least one free timeslot in the next cell. The network will
allocate timeslots according to availability, so one free timeslot is enough to make a
Handover on a non-transparent connection. In such a case the consumer will have a
reduced bit rate after the Handover but at least the link will not be lost. But compared to
the packet switched technologies HSCSD will loose the link if there is no timeslot
available in the next cell.
Table. 6: Bit rates offered by Nokia HSCSD implementation *[17]
1 9.6 Kbit/s 14.4 Kbit/s
2 19.2 Kbit/s 28.8 Kbit/s
3 28.8 Kbit/s 43.2 Kbit/s
4 38.4 Kbit/s 57.6 Kbit/s
As can be seen in the Figure. 12 and Table. 6 above, HSCSD allows data rates of
up to 57.6 Kbits/sec through the aggregation of four GSM traffic channels into a HSCSD
configuration. It requires only a software upgrade to the existing network. This means
there are no extensive modifications required in the network infrastructure. This kind of
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full usage of several GSM timeslots bound together makes it suitable for applications
such as file transfer, email and LAN-based access. But, still it is not real wide-band, and
because of this reason it might be seen by some operators as being a waste of investment.
[10] The biggest disadvantage of the HSCSD is the cost to the user. When a user is using
many channels bound together he will have to pay for all of them together. Because of
that reason the operators implementing this kind of new services need to have a good
price policy to attract customers and, on the other side, generate enough revenue for
implementing the newer technologies like the
3rd
generation. Of course they should plan
this service very well so that it does not totally use the limited capacity of the GSM
networks and leave nothing more for the other customers, who would just like to use the
voice services. The main market opportunity ofHSCSD is between 1999-2000 before the
GPRS gets commercially introduced, and commonly used. However HSCSD is expected
to continue to serve and grow beyond GPRS. [17]
3.3 GPRS (General Packet Radio Service)
GPRS is actually a set of new GSM bearer services that provides packet mode
transmission within the PLMN (Public Land Mobile Network) and communicates with
the external networks. During these activities the user still will be able to use the other
GSM services.
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3.3.1 GPRS Characteristics
GPRS offers a nominal data rate of 114 Kbps, with a maximum envisaged data
rate of 171.2 Kbps. It requires new functional entities to be installed in the existing GSM
network. As seen in the Figure. 13 below, those are the Serving GPRS Support Nodes
(SGSN) and Gateway GPRS Support Nodes (GGSN). Its benefit comes from being a
packet switched service. As we saw above HSCSD was circuit switched. GRPS is well
suited for applications that require point-to-point transfer of user data, including IP data
and X.25 internetworking. Besides, GPRS allows the user to be charged according to
volume. This means the actual transmitted data and not the time for which the user
remains online. This kind of accounting makes its tariff structure attractive for bursty
mobile applications like E-commerce. The point we should not forget is that GPRS is
only an interim solution till the
3rd
generation wireless networks are implemented widely.
[10]
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Figure. 13 : GPRS Specific Network
One of the main elements in the figure above is the Gateway GPRS Support Node
(GGSN). It can be best compared to carrying out a similar task to that of the Gateway
MSC and provides the functionality of the IWF as we have seen by the GSM networks.
Those functions can be listed as [35]:
Dynamic IP address allocation.
Transport Layer routing protocols support.
Routing tables and address mapping.
Screening.
Data packet counting.
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The Serving GPRS Support Nodes (SGSN) offers similar functions to that of the MSC
in a GSM network. Those functions can be listed as [35]:
Mobility management Registers new GPRS Mobile Stations (MS) onto the network
in that particular area.
Routing - Routes data packets between the MS's and GGSN.
Ciphering19
GSM circuit switched interactions.
BSS Queue management.
Data packet counting.
A more detailed schema of the GPRS system can be seen below at the Figure. 14.
The MSC and VLR are utilized for initial registration and contacting GPRS MS's but are
not needed when routing GPRS data. The HLR holds information about the subscription
details and the AUC which is required for authentication and ciphering. The EIR can be
used for authenticating MS hardware. There is also extra functionality required at the
BSS, as seen in the figure, namely a Packet Control Unit (PCU), which supports the
packet switching between the BSS and SGSN.
19 Ciphering: a security algorithm used to encode and decode user and/or signaling data.
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Figure. 14: GPRS Network
GPRS is planned in phases as with the GSM. In the first phase of GPRS point-to-
point (PTP), user internetworking for PTP and TCP/IP, X.28 from GGSN, X.25 from
GGSN to external PDN's are supported but there is no support planned for the real time
data applications whilst on the move. This is due to the implementation of the handovers,
in that mobile stops transmitting data, selects the new cell and then restarts transmission
in the new cell. [34]
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3.3.1.1 Data Rates
For the data rates of GPRS it was already been proven that the air interface can be
increased to a maximum of 22.8 Kbps from the 9.6 Kbps. But there are 4 different data
rates offered. The higher data rates are achieved basically by using less error protection.
Most of the time this can be left to the application itself anyway. GPRS utilizes the
different data rate options dynamically to suit the radio conditions at the time. If high
levels of interference and noise are present, the lower rates are used to provide a better
error protection. The data rates of GPRS are [35]:
CS-1 9.05 kbps
CS-2 13.4 kbps
CS-3 15.6 kbps
CS-4 21.4 kbps
This means if the complete 8 timeslots are used the maximum rate will be:
8 x 21.4= 171.2 Kb/s
3.3.1.2 Services
The only bearer service defined in the
GPRS is the PTP. It provides a capability
for transmission of packets between two users from and to the access points like the
Um-
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to-Um (Mobile access point), Um-to-Gi (Fixed access point), Gi-to-Um. PTP allows the
transfer of variable length Network Service Data Units (NSDU20) as determined by the
supported Packet Data Protocols (PDP) like the X.25 or TCP/IP. It will support both the
connectionless and connection oriented network services. (X.25 and TCP/IP). This
service offers several possible interactive teleservices as listed below [35] :
Retrieval services21 to address the information stored in database centers.
Messaging services.
Conversational services, which are bi-directional like the Internet's Telnet
application.
Short transaction services like the credit card validations, lottery transitions.
3.3.1.3 Quality of Service (QoS)
Quality of Service (QoS) is a very important part of the GPRS networks.
Customers of the GPRS networks will be able to monitor the QoS out of their mobile
terminals by monitoring the user data throughput, radio channel access delay, round trip
delay, reliability and some other parameters of the quality. [35] So, the GPRS network
20 network service data unit (NSDU): A unit of data passed between the user and the GPRS network
across a Network Service Access Point (NSAP).
21 retrieval service: An interactive service which provides the capability of accessing information stored in
data base centers. The information will be sent to the user on demand only. The information is retrieved on
an individual basis, i.e., the time at which an information sequence is to start is under the control of the user
(source ITU-T 1.113).
51
operators should be much more careful with regards to the QoS. The foreseen QoS
criteria's and classes are decided according to the following options:
Service precedence (priority) - High/Normal/Low.
Reliability - 3 reliability classes.
Delay - 4 delay classes (see Table. 7 below).
Throughput - maximum and mean bit rates.
Of course related to those QoS's there are 3 classes ofMS's defined at the GPRS:
Class A: Supports simultaneous attach, activation, monitor, and traffic. This means it
can make and receive calls on two services simultaneously.
Class B: Supports simultaneous attach, activation, and monitor. However it can not
make and receive calls on two services simultaneously.
Class C: Supports only non-simultaneous attach and alternate use of services. If both
services (GPRS and Circuit Switched) are supported then a class C MS can make
and/or receive calls only from the manually or default selected service. Receiving and
transmitting SMS (Short Message Service) messages for the GPRS attached Class C
MS's is optional, but the network will support this option.
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Table. 7 : Delay by GPRS Networks
Delay
Class
1
Delay (maximum values)
.'S;:-r*>;.. ,-.vHft%ft"ft''"'V?^ -;.;-.: -, -#rir;ftw
"
.
PDUSize: 128 Octets PDUSize: 1024 Octets
Mean
Transfer
Delay (sec)
95 percentile
delay (sec)
Mean
Transfer
Delay (sec)
95 percentile
delay (sec)
<0.5 <1.5 <2 <7
2 <5 <25 <15 <75
3 <50 <250 <75 <375
4 Unspecified
Those delays seen in the table above are related to the following groups:
Radio Channel access delay (uplink).
Radio Channel scheduling delay (downlink).
Radio Channel transmit delay (up and downlink).
GPRS network delay (multiple hosts).
3.3.1.4 Allocation ofRadio Resources
There will be more than 1 timeslot per user, and the receive and transmit sides
will look as followings:
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TheMobile Receive will allocate the resources after the call setup, and users will
share timeslots and use packet addressing.
The Mobile Transmit will allocate the timeslots fixed (maximum 8 timeslots), or it
will use a basic User State Flag (USF) to indicate an invitation to transmit whilst the
MS shares the allocated timeslots with some otherMS's. But the MS would need a
duplexor to be able use several timeslots together. A third option is to use extended
USF, which is similar to the basic USF but permits use of up to 4 uplink timeslots
without the need for a duplexor22.
3.3.2 Interfaces : Air & Terrestrial
As seen by the figure below, there are many interfaces need to be implemented
for the GPRS networks. Some of them can be interesting to analyze in more detail for the
following parts of the 3G networks.
22 Duplexor is a device, which splits a higher speed source data stream into two separate streams for
transmission over two data channels. Another duplexor at the other end puts the two slower speed streams
back together into one higher-spread stream. Duplexor is as well a waveguide device, designed to allow an
antenna to be used both transmission and reception simultaneously. [60]
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Figure. 15 : GPRS Network Interfaces
A more detailed scheme of the interfaces in a GPRS network can be seen by the Figure.
16 below. Here we can even see the interfaces outside the GPRS network, but it is a good
reference to have when talking about the interfaces of the GPRS networks.
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Figure. 16 : Mobile Network Interfaces *[32] & [35]
3.3.2.1 Gb, Gn, Gi Interfaces
Gb Interface - This interface is the reference point for the connection between the Base
Station Subsystem (BSS) and the Serving GPRS Support Node (SGSN). There are many
physical interfaces defined for this interface like the G.703, G.704, V.35, X.21, ANSI-
530-A-1992, HSSI, ANSI-T1.403 etc. [35]
For phase 1 of the GPRS, Frame Relay will be used across the Gb interface. This means
the physical specifications of the interface will be same as the Frame Relay's User-to-
Network interface. Through this, the multiplexing of the mobile terminal circuits will be
possible because it allows virtual circuits. The physical implementation of the interface
will be left up to the service providers. This means that they can choose to put in place
point to point circuits or to go across some intermediate Frame Relay networks that they
already have in place. If the interface will be a point to point El link using 64 Kbps
channels then the specifications recommend that they be placed into one n* 64Kbps
channel, because this increases the statistical multiplexing gains.
Gn Interface - As seen in the figure above, it is relevant throughout the backbone of the
GPRS Support Nodes (GSN). It can be on the physical link between connecting SGSNs
and the link between SGSN and GGSN. The GPRS Tunneling Protocol (GTP) is utilized
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over this interface. This protocol is used basically for the GPRS MobilityManagement
issues such as GPRS attach, GPRS routing area update and activation of PDP contexts.
[35]
Gi Interface - It is an interface at the connection between the GPRS network and any
external IP based networks. This kind of connection requires a router and GGSN provides
this functionality to allow the transparent travel of the data between GPRS network and
the external networks. GPRS can communicate with subnetworks of either IPv4 or IPv6.
[35] It basically provides an access point for any external subnetwork and looks like any
attached subnetwork from the IP network point of view. Of course, this kind of
connection needs an agreement between the IP provider and the GPRS network operator
but there are some general assumptions that are supposed to be valid for all those kind of
agreements anyway:
One of them is the assumption that the GPRS provider will support all IP based
applications. It is likely that some providers will wish to restrict some applications
and use Firewalls at the Gi interface.
A Domain Name Server (DNS) (actually this is going to be composed of several
DNSs for sure) is to be configured and managed either by the GPRS provider or the
Internet Service Provider (ISP).
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Dynamic IP address allocation in the GPRS environment is done by the GGSN. This
allocation can be left to the GGSN itself or by some other external device such as a
Dynamic Configuration Protocol (DHCP) Server, which is probably managed by an
external company.
3.3.2.2 GPRS Protocols
To be able to analyze the protocols used in the GPRS networks the following
diagram is very useful. It shows the protocols used to pass the applications on top of them
from one end to the other end in the GPRS network. All this happens transparently to the
user and the application. [35]
ip
X.25
RLC
MAC
MS
RLC
MAC
BSSGP
Frame
Relay
wwmtmmmwfflfflM*
BSS
To External application
process
^m^^ua
IMLJ EJJM
";"
;r;-V
LLC B^i
-BSSGP
' : ip
Frame
Relay Hm
SGSN
ip
X.25
IP
GGSN
Um Gb Gn di
Figure. 17 : GPRS Protocols
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SNDCP - This is the Sub Network Dependent Convergence Protocol. It is designed to
permit various network service protocols to be transparently carried over a variety of
subnetworks and data links. This buffer protocol allows the addition of new network
services without changing any of the functionality of the lower level GPRS protocols. It
performs multiplexing functions for the protocol entities sitting on top of it. This
multiplexed stream is then passed down to the services of the lower layer protocols.
LLC - The Logical Link Control layer provides a reliable logical connection between the
Mobile Station and the SGSN. This is a similar layer to the LLCs in the other kind of
protocols like the X.25, etc. It has no relevance at the BSS and is just transparently
transferred through the BSS. Its functions are independent of any underlying radio link23
protocols or interfaces. This independence allows future developments of the air interface
without needing to make any changes in the LLC layer.
BSSGP - This is the Base Station GPRS Protocol (BSSGP). It sits on top of the Frame
Relay stack as seen at the figure above and it is specific to GPRS. Its main function is to
provide radio related information needed by the Radio Link Control (RLC) andMedium
Access Control (MAC) Layers. It also provides the functionality necessary for the BSS
and the SGSN to exchange management information.
23 Radio Link: A "radio
link" is a logical association between a single User Equipment and a single base
station. Its physical realization comprises one or more radio bearer transmissions.
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TCP/IP & UDP/IP - Those are Transmission Control Protocol / Internet Protocol and
UserDatagram Protocol / Internet Protocol pairs. They are used as the transport protocol
for the data across the GGSN - SGSN interface. As known from the TCP/IP world this
protocol gives a reliable connection oriented path. So it should be used when data to be
transferred across this interface requires this level of reliability, like the X.25 packets.
On the other hand the UDP is a connectionless protocol, which treats each packet
individually. This means each packet is routed across the network independently and can
follow a complete different route as the other packets and can end at the other end with
more or less delays as the other packets. This kind of protocols should be used when the
transferred data is based on connectionless protocol like IP.
GTP - This is the GPRS Tunneling Protocol which is used between the SGSN and
GGSN. It provides a tunnel or kind of a path which is necessary to forward packets
between an external packet data network and the mobile user. A GTP header is inserted
by this protocol layer and indicates the GTP tunnel flow. It allows multi protocol packets
to be tunneled through the GPRS backbone across the Gn interfaces. If required it can
carry either signaling or data information. Signaling is used to set up, modify and delete
tunnels. The transmission plane is used to provide the tunnel through which the user data
packets are to be transferred. [47] Header of the GTP looks like the following figure.
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Figure. 18 : GTP Header *[47]
The format of the GTP header can be explained as [47]
Version - This 3 bit field will be set to ZERO in the first version of the GTP
Reserved - These bits are reserved for the future functionality and currently set as
l's.
LFN - This flag indicates whether there is a LLC frame number included in the
header.
Length - This indicates the total length of the GTP message (G-PDU).
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Sequence Number - This is the transaction identity for signaling GTP messages and
also a sequence number for data packets from or to the MS (T-PDU).
Flow Label - This identifies a particular GTP flow.
LLC Frame Number - This is used during the inter SGSN Routing Procedure to
control the data transmission on the link layer between MS and SGSN.
TID - This is the Tunnel Identifier that points out Mobility Management (MM), and
Packet Data Protocol (PDP) contexts.
C - LLC Frame Number continued.
(The bits marked "X" are not used and set to
"0"
by the transmitting entity. )
3.3.2.3 Air Interface
GPRS uses the air interface of the GSM, which is TDMA with eight physical
timeslots per carrier. This interface is responsible for the Data Unit Framing,
Modulation/Demodulation, Data Coding, Error Detection and Correction of Physical
Medium Errors. It is made up of a number of layered protocols. Some of them are the
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RLC (Radio Link Control), MAC (Medium Access Control) layers and the physical GSM
RF layer.
The MAC allows multiple mobile terminals to access a shared common transmission
link. As several mobile terminals try to transmit simultaneously the MAC layer provides
arbitration functions to determine which terminal has access to a particular network
resource. It also detects the collisions and provides recovery of the lost data by the
collisions. It can also allocate a number of physical channels to a single subscriber to
increase the bandwidth he is using at that particular time frame.
The RLC protocol defines the functions necessary for selective retransmission and
unsuccessful delivery of RLC data blocks. It is also responsible for the segmentation and
re-assembly of higher level LLC - PDUs24 into RLC data blocks.
In operation the LLC frame, which can have a maximum of 1600 bytes, is segmented into
RLC data blocks. The size of the RLC block here is dependent on which kind of channel
encoding schema is being used. A Block Check Sequence (BCS) is inserted to recover
the missed or corrupted data. Only when the RLC has successfully received a complete
LLC frame then it is passed up to the LLC layer.
3.3.2.4 Physical & Logical Channels
24 protocol data unit (PDU): In the reference model for OSI, a unit of data specified in a (N)-protocol
layer and consisting of (N)-protocol control information and possibly
(N)-user data (source: ITU-T X.200 /
ISO-IEC 7498-1).
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Physical Channels
As mentioned above GPRS uses the air interface of the GSM, which is a TDMA
with eight physical timeslots per carrier. This interface is responsible for the Data Unit
Framing, Modulation/Demodulation, Data Coding, Error Detection and correction of
physical medium errors. The physical channels in GPRS are called the Packet Data
Channels (PDCH).
Logical Channels
Logical channels are set on top of the physical channels but GPRS has its own logical
multiframe structure that is completely different from the existing structures in the GSM.
Packet Broadcast Control Channel (PBCCH) - This Channel broadcasts
packet data system information and follows the same predefined rules for
mapping onto physical channels as the BCCH.
Packet Common Control Channel (PCCCH) - This is very similar to the
CCCH and when not allocated in a cell, packet transfer can be initiated by the
CCCH.
Packet Random Access Control Channel (PRACH) - This is used in the uplink
only. Mobile terminal uses it to initialize uplink transfer for sending data or
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signaling information. The access burst used on the PRACH is also used to obtain
timing advance information.
Packet Paging Channel (PPCH) - This is used in the downlink only. Mobile
terminals are paged with this just before they terminate the data transfer. The
PPCH uses paging groups to allow Discontinuous Reception (DRX) and follows
exactly the same predefined rules as done by the PCH. It can page mobile
terminals in both packet and circuit switching modes. But only class A and B type
of mobile terminals are applicable with this kind of paging. The mobile terminals
in a packet switched transfer can be paged on a Packet Associated Control
Channel (PACCH) anyway.
Packet Access Grant Channel (PAGCH) - This is used in the downlink only. It
is used in the establishment of packet transfer to send resource assignment
messages. If the mobile terminal is already busy with a packet transfer then the
resource assignment messages can be send on the PACCH.
Packet Notification Channel (PNCH) - This is used in the downlink only to
send a point to multi point multicast notification to a group ofmobile terminals
prior to the point to multi point packet transfer takes place.
Packet Dedicated Control Channels (PDCCH) - In this group there are two
channels:
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? Packet Associated Control Channel (PACCH) - This conveys
signaling information related to a mobile terminal, like the
acknowledgements and power control information. It also carries
resource assignment and reassignment messages, compromising the
assignment of a capacity for a PDTCH(s) and for further occurrences
of PACCH. The PACCH shares resources with the PDTCHs that are
currently assigned to one mobile terminal. A mobile terminal which is
currently involved in a packet transfer can be paged for circuit
switched services on PACCH as mentioned above.
? Packet Timing Advance Control Channel (PTCCH) - This is used
both in the uplink and downlink part of the transmissions. In the uplink
it uses random access bursts to estimate the timing advance. In the
downlink it transmits the timing advance information to several mobile
terminals. Usually one downlink PTCCH is paired with several uplink
PTCCHs.
Packet Traffic Channels (PTCHs) - The main channel in this category is the
Packet Data Traffic Channel.
? Packet Data Traffic Channel (PDTCH) - It is mapped directly onto
one physical channel and used for data transfer. One mobile terminal
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may use multiple PDTCHs in parallel for individual packet transfer.
Up to 8 PDTCHs, each with different timeslots, can be allocated to one
mobile terminal at the same time or to a group of mobile terminals in
case of point to multipoint multicast messages.
3.3.2.5 Channel Coding Schemes
Four coding schemes have been defined for GPRS. All of them can be used for
the PDTCHs. Packet control channels other than PRACH and PTCCH on the uplink use
CS-l(Coding Scheme 1). All schemes are mandatory for the Mobile Terminals whilst the
network has only CS-1 as mandatory scheme.
By all of those schemes the first step of the coding procedure is to add a Block Check
Sequence (BCS) for error detection and subsequent Automatic Request for retransmission
(ARQ) and Uplink State Flag (USF). The USF is transmitted on the downlink and is an
invitation to a mobile terminal for transmitting. It is used on PDCHs to allow
multiplexing of radio blocks from a number of different mobile terminals.
Coding Scheme 1 - In CS 1 the BCS is 40 bits, and the USF is 3. After the
Convolutional coding is applied the USF is 6 bits and the rest of the 224 bits (221)
are using the rest of the 456 bits (450 bits).
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Coding Scheme 2 - In CS2 the USF is increased to 6 bits. The BCS is 16 bits,
but the Cyclic Redundancy Checking (CRC) is utilized. After the Convolutional
coding is applied the USF is 12 bits and the rest of the 294 bits (288) are using the
rest of the 456 bits (444 bits). Of course here a puncturing is applied after the
convolutional coding to reduce the number of bits to 456 bits again.
Coding Scheme 3- CS3 is similar to the CS2, but the amount of data is increased
with the use of the 338 bits radio block.
Coding Scheme 4- By this scheme there is no coding for the error correction
applied. This increases the capacity reserved for the data. USF is 12 bits and the
BCS is 16 bits long. So, this leaves 428 bits for the data.
The channel condition affects the performance of different coding schemes.
Codes with lower coding rates are more robust and work better in noisy channels.
Although codes with higher coding rates are more vulnerable to interference, they offer
higher throughput under good channel conditions.
The four coding schemes mentioned above allow data speeds of 9.05, 13.4, 15.6 and 21.4
kbit/s, respectively. But the most common will be 13.4, since simulations have shown
that higher data speeds provide only modest improvements. Some main companies of the
wireless world like Ericsson, have chosen to support coding schemes one and two,
meaning data speeds of 9.05 and 13.4 kbit/s. Of
course those companies try to implement
GPRS phones, which will work with all coding schemes too.
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According to the current specification, a GPRS terminal will support the use of three or
four time slots when information is sent to the phone (downlink) and one time slot when
the phone is sending data (uplink). For four downlink channels we can get data speeds of
4 x 13.4 = 53.4 kb/s. [63]
3.3.2.6 Allocation ofResources
GPRS may need to allocate several physical channels to one mobile terminal to
support huge data rates the terminal needs at that particular moment. This kind of
allocation is done dynamically according to the capacity on demand principles. The
PDCHs do not need to be permanently allocated in order to support GPRS. Common
channel signaling that is required by GPRS in the initial phase of the packet transfer is
conveyed on the PCCCH, when allocated, or on the CCCH. This saves GPRS on specific
capacity for the operator. If the last available PCCCH is allocated then the mobile
terminal need to perform a cell reselection. At least one PDCH will act as a master and
carry the PCCCH as well as the PDTCH and PACCH. Other PDCH's acting as slaves are
used for user data transfer and for the dedicated signaling.
By the release of the PDCH the GPRS needs a fast mode to achieve dynamic sharing of
the physical resources. To accomplish this, the PDCH waits for all the assignments to
terminate on the PDCH, or individually notifies all the users that have assignments on
that PDCH, or broadcast the notification about the de-allocation. PDCH contains 52
TDMA frames, divided into 12 blocks of 4 frames (radio blocks) and 4 idle frames. This
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multiframe can be seen on GSM as two 26 frame multiframes, and it has a duration of
240 ms and 25.5 multiframes are counted to a superframe.
3.3.2.7 MobilityManagement States
The Mobility Management (MM) activities related to a subscriber in GPRS are
characterized by three different states. Those are :
IDLE State - In this state the subscriber is not attached to the GPRS mobility
management. The MS and SGSN contexts hold no valid location or routing information
for the subscriber. The GPRS MS is seen as not reachable for PTP transfers. MS
performs the PLMN selection and GPRS cell selection and re-selection processes.
STANDBY State - In this state the subscriber is attached to GPRS mobility
management. The MS and SGSN have establishedMM contexts. The subscriber can now
receive pages for data or signaling. PTP Data reception and transmission are not possible
in this state. In this state the MS performs GPRS Routing Area (RA) and GPRS cell
selection and re-selection. It updates the SGSN when it has entered a new RA.
It may activate or deactivate PDP contexts.
READY State - The ready state corresponds to the standby state extended by location
information for the subscriber at call level. The MS performs mobility management
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procedures to provide the network with the actual selected cell. GPRS cell selection and
re-selection is done locally by the MS, or may optionally be controlled by the network.
An identifier of the cell is placed in the BSSGP header of the data packet from the MS.
The MS may send and receive PTP PDUs in this state. The network initiates no GPRS
pages for an MS in this state. In this state MS may activate or deactivate PDP contexts. It
can stay in this mode with or without radio resources are allocated.
State Transitions and Functions
Change of the states, mentioned above, is handled in the drawn order shown in the figure
below.
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Figure. 19 : Functional MobilityManagement State Model
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3.3.3 Internetworking
GPRS supports internetworking with other networks. The internetworking can be
divided into two categories. One of them is the Service Internetworking, and the other is
the Network Internetworking.
Service Internetworking - It can be defined as the called and calling parties having
different Teleservices present at their terminals. At the present time this is not possible
across the Gi interface in GPRS.
Network Internetworking - It is required whenever a PLMN needs to communicate
with another similar network to provide end to end communications. The interconnection
point shall be configured in a manner that the PLMN looks like any other Packet Data
Network. (X.25, IP etc.)
Figure. 20 : Network Internetworking
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X.25 / X.75 Internetworking
GPRS can support internetworking to Public Switched Data Networks (PSDNs)
and the GGSN provides the access functionality. There are two basic models for PSDN
internetworking:
X.75 over Gi Interface.
X.25 over the Gi Interface, where the DCE is located within the PSDN and the DTE
is located within the terminal equipment of the GPRS PLMN.
The roaming user maybe allocated an address dynamically from the VPLMN. GPRS can
support CCnT/TTU - T X.121 addressing, which is the international numbering plan for
Public Data Networks, and CCITT/ITU-T E.164 addressing, which is the ISDN
numbering plan. The GPRS Terminal Equipment (TE) addresses are provided and
controlled by GPRS operator. The external network TE sends data to the GPRS terminal
by using its GPRS DNIC (Data Network Identification Code) or equivalent, which will
uniquely identify that GPRS network worldwide.
X.75 Internetworking - is used in the public domain to interconnect X.25 PSDNs, and
this protocol can be represented at the Gi interface to allow the GPRS network to look
like any other PSDN. It requires DNIC and PNIC. The
X.121 addresses allocated to the
GPRS subscribers will belong to the PLMN operator. The protocol stack is shown in the
following figure.
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Figure. 21 : X.75 Internetworking
X.25 Internetworking - As seen at the figure below the DTE resides within the GPRS
network and DCE within the PSDN in this kind of internetworking. With this protocol
the GPRS network looks like a part of the PSDN with the Gi as the connection point
between DTE and DCE. The protocol stack can be seen at the figure below. Here the
GGSN shall resolve the association between MS GPRS bearer and X.25 DCE. X.25 relay
of the stack will provide the mapping of logical channel numbers. The PSDN provider
can allocate fixed X.121 addresses for the MSs but the GPRS network during PDP
context activation can assign a dynamic address. As a minimum the GPRS network must
support the following X.25 services:
Reverse Charging, Reverse Charging Acceptance, Fast Select Restricted, Fast Select
Unrestricted, Fast Select Acceptance.
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Figure. 22 : X.25 Internetworking
IP Internetworking- GPRS supports internetworking with IP based networks. GGSN
acts as the access point for an external IP network to the GPRS data network, and its
functionality allows the GPRS network to look like any other IP network. In IP networks,
internetworking is done with routers. The Gi reference point is between GGSN and the
external IP network. From the external IP network's point of view, the GGSN is seen as a
normal IP router. The LI and L2 layers in the protocol stack below are operator specific.
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Figure. 23 : IP Internetworking
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3.3.4 GPRS Implementation Path
GPRS is planned as by GSM in two phases. In the first phase the most key
functions, which will make the new service recognizable as a real new and revolutionary
service, will be implemented. Then, the second phase will be started in parallel to
develop the existing services and add some more. At the start of the GPRS
implementations the capacity of the bursty data traffic is not expected to be huge. The
backbone to support the QoS desired on the networks implementing the GPRS functions
and services will most probably not be sufficient. The assignment of more than 2
timeslots to one subscriber is not expected to be implemented by most of the operators.
This is due to the limited capacity of the air interface and the existing number of GSM
voice subscribers at the moment on most of the wireless networks. The summary of this
phase can be best seen at the figure below.
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In the following phase the GPRS networks will be developed further. The number of
timeslots which can be assigned to one subscriber at one particular moment will be
increased to six. QoS classes will be applicable as listed in the sections above. The
number of SGSN and GGSNs will be increased. The best summary of the situation in the
second phase of the GPRS networks can be seen in the following figure.
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Figure. 25 : GPRS NetworkMaturity Phase *[33]
3.4 EDGE(Enhanced Data Rates for GSM Evolution)
EDGE is still undergoing standardization within the European
Telecommunications Standards Institute (ETSI). The main radio characteristics including
modulation, spectrum mask and output
power have been agreed.
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The discussions on the development of EDGE beyond the first phase is continuing.
Nevertheless this technology is the final evolution of data communications within the
GSM standard. EDGE offers a maximum data rate per TDMA frame of 384 Kbps. It
achieves its higher data rate by using an enhancedModulation Scheme compared to
GSM. This scheme consists of Quaternary Offset-QAM, Binary-Offset-QAM25 and
GMSK26. This advanced modulation format requires higher radio signal quality. This
means a larger number of base station transceivers and increased development of the
infrastructure for the network operators. EDGE will most probably be interesting for the
quasi-stationary or slowly moving vehicles before the real
3rd
generation networks arrive.
If EDGE is successful, the need for the
3rd
generation systems may be slowed down. Due
to the data speed EDGE could offer, it may be a real alternative route for GSM operators
who will not have third generation licenses. [10] Of course the first implementations of
the
3rd
generation networks will be already in place when the EDGE starts to be
implemented, but this is probably not going to change the situation mentioned above.
Because of such reasons, EDGE can actually be considered as a 3G technology. It
introduces new methods at the physical layer, including a new form ofmodulation (8
PSK) and different ways of encoding data to protect against errors. The higher layer
protocols, such as those used by the GGSN and SGSN, stay the same. So, it will basically
use the same GPRS infrastructure but deliver data rates up to 384 Kbps. Of course, to be
25 QAM: Quadrature Amplitude Modulation. A sophisticated modulation technique, using variations in
signal amplitude, that allows data-encoded symbols to be represented as any of 16 or 32 different states.
[60]
26 GMSK: Gaussian Minimum Shift Keying. A wireless telecommunications term. A means of radio
wawe modulation used specifically in the GSM air interface. [60]
78
able to reach these data rates there are many requirements such as a strong signal, no
interference, and a user device accessing the entire 200 kHz radio channel. But usually
this will not be the case and multiple users will share the radio channel. This means the
practical throughputs will be less than the announced maximum rate. EDGE data
services could start rolling out in 2002, depending on market demand and actual carrier
deployments.
Although EDGE was developed for the GSM networks it was adopted by
UWCC27 (Universal Wireless Communication Consortium, the ANSI 136 TDMA
community) as their
3rd
generation solution. [12] UWCC gave some requirements to the
SMG and they undertook work to keep the radio network part of GSM-EDGE and
UWCC-EDGE aligned. SMG was considering the UWCC requirements for a narrower
deployment bandwidth (EDGE-Compact) as well as specifying the usage of GSM/EDGE
for the 800 MHz bands (outside Europe). Out of those works the new work item "EDGE
Compact and support for EGPRS in ANSI- 136
networks"has resulted.
It is not easy to adapt the EDGE to the IS- 136 networks as those networks use 30 kHz
radio channels. Deploying EDGE requires new radios in base stations to support the 200
kHz data channels. This means the GGSN and SGSN will be virtually the same for both
GSM and IS-136 networks. EDGE data users will eventually be able to roam between IS-
136 and GSM networks around the world. EDGE data services for IS-136 networks are
expected to roll out shortly after EDGE for GSM networks. This will be also in 2002 or
2003.
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3.5 WAP (Wireless Application Protocol)
WAP is the gateway to a New World ofmobile data arriving just before GPRS
implementations. It basically provides a universal standard which enables users to easily
access Web based interactive information services and applications from their mobile
phones. Those services can be e-mail, corporate data, news, sports and information
services, entertainment, TV/movies, travel, leisure, culture, medical care, electronic
commerce transactions and banking services. [6]
But, most of the technology developed for the Internet has been designed for desktop and
larger computers, for medium to high bandwidth and for generally reliable data networks.
Mass-market, hand-held wireless devices present a more constrained computing
environment compared to desktop computers. Some limitations of the handheld devices
are [9]:
Less powerful CPUs.
Less memory (ROM and RAM).
Restricted power consumption.
Smaller displays.
Different input devices (e.g., a phone keypad).
27 UWCC: An organization that represents IS-136 carriers and vendors worldwide.
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The same kind of limitations apply to the wireless networks compared to wired networks
[9]:
Less bandwidth.
More latency.
Less connection stability.
Less predictable availability.
So, with those in mind the organizations like the WAP Forum will try to find solutions to
the mobile data applications.
3.5.1 WAP Application Development
WAP enables Internet content and advanced telephony services on digital cellular
phones and other wireless terminals. The WAP protocol is independent of the underlying
airlink standard and is scaleable to different devices. Because of this reason an
application can run on all carrier networks, all transport protocols, and all wireless
devices. This means access to the entire global user community, wherever they are
situated. [7]
WAP can be used for accessing the Intelligent Telephony Services, wireless access to
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Internet content, wireless access to corporate Intranet content, wireless access to personal
information. [7] The WAP Forum is the industry association that has developed the
WAP standard. The WAP specification implements options for authentication and
encryption. Those options provide end-to-end security formessages . [8]
WhatWAP standard basically does is to define an application environment and an
application protocol:
The application environment has a markup language, WML (Wireless Markup
Language). This language allows programmers to define the application's user
interface in a device-independent way. The programming language of the application
environment is calledWMLScript. In practice, these are realized in the microbrowser
environment in a mobile terminal, which is very similar to aWeb browser.
The application protocol stacks are the session, transaction, security protocol, and
datagram. The protocol stack isolates the applications from the bearer. Theoretically
this allows applications to run regardless of the used transport service. But in practice
we can not run on a low rate transport service a huge data transmission requiring
application. [8]
Additionally a technology called WTA (Wireless Telephony Application) is defined.
This allows integration ofWAP with the advanced services as Intelligent Networks.
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This would mean WTA would allow new Intelligent Networks based services to be
introduced to users without modifying the terminals in any way. [8]
3.5.2 WAPModel
The similarity of the WAP programming model (Figure. 26) to the WWW
programming model provides many benefits like a familiar programming model, a
proven architecture, and the ability to leverage existing tools. [9]
Client
(mobile device)
Gateway
Encoded Request
WAE
User
Agent
Origin Server
Request
Encoders
and
Decoders
Encoded Response
~C
Response (Content) I
Content
Figure. 26 : WAP ProgrammingModel
"WAP utilizes proxy technology to connect between the wireless domain and the WWW.
TheWAP proxy typically is comprised of the following functionality:
Protocol Gateway - The protocol gateway translates requests from the WAP protocol
stack (WSP, WTP, WTLS, and WDP) to the WWW protocol stack (HTTP and
TCP/IP).
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Content Encoders and Decoders - The content encoders translate WAP content into
compact encoded formats to reduce the size of data over thenetwork."[9]
WAP is designed to be used with a web server, WAP proxy and WAP client. But its
architecture supports other configurations. One of those possible configurations is to use
the WAP server with an integrated WAP proxy functionality. Such servers like the WTAs
can be used to facilitate end-to-end security solutions, or applications that require better
access control or a guarantee of responsiveness. An example ofWAP network can be
seen in the following Figure. 27.
Figure. 27 : WAP Network
Here, the WAP client talks to the WAP proxy, which translates WAP requests to WWW
requests, and encodes the responses from the web server into the binary format
understood by the client. If the web server provides WAP content (e.g., WML), the WAP
proxy retrieves it directly from the web server. If the web server provides only WWW
84
content then proxy uses a filter for the translation. The Wireless Telephony Application
(WTA) server answers the requests of the WAP client directly as seen above. This server
provides WAP access to features of the wireless network provider's telecommunications
infrastructure.
3.5.3 WAP Architecture
WAP has a layered architecture as seen by the Figure. 28 below. This makes it
easy for the external services and applications to define an interface and use the features
of the WAP stack by directly accessing the session, transaction, security and transport
layers.
Application Layer (WAE) Other Services and
Applications
Session Layer (WSP)
Transaction Layer (WTP)
Security Layer (WTLS)
Transport Layer (WDP)
Bearers :
GSM IS-136 CDMA PUS CDPD PDC-r IDEN FLEX Etc....
Figure. 28 : WAP Architecture
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Elements of the protocol stack architecture as seen in the figure above are the Wireless
Application Environment (WAE), Wireless Session Protocol (WSP), Wireless
Transaction Protocol (WTP), Wireless Transport Layer Security (WTLS), Wireless
Datagram Protocol (WDP), and the bearers. The WAP layered architecture allows
external applications, like electronic mail, calendar, phone book, notepad, and electronic
commerce, or services, such as white and yellow pages, to access the session, transaction,
security and transport layers directly, although they are not currently specified by WAP.
Those Layers in a bit more detail are:
Wireless Application Environment (WAE) is important for an interoperable
environment that will allow operators and service providers to build applications and
services that can reach a wide variety of different wireless platforms in an efficient
and useful manner. WAE's microbrowser environment contains Wireless Markup
Language (WML), WMLScript, which is a scripting language as JavaScript, Wireless
Telephony Application (WTA) and WTA Interface (WTAI), Content Formats, which
is a set of well-defined data formats, including images, phone book records and
calendar information.
The Wireless Session Protocol (WSP) provides the application layer ofWAP with
connection-oriented service, which operates above the transaction layer protocol
WTP, and with connectionless service, which operates above a secure or non-secure
datagram service (WDP). WSP type of protocols, are optimized for low-bandwidth
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bearer networks with relatively long latency because of the reasons explained at the
start of the WAP section.
TheWireless Transaction Protocol (WTP) runs on top of a datagram service. It
supports 3 classes of transaction service, Unreliable One-way Requests, Reliable
One-way Requests, and Reliable Two-way Request-reply Transactions, optional user-
to-user reliability, optional out-of-band data on acknowledgements, PDU
concatenation and delayed acknowledgement to reduce the number ofmessages sent,
and asynchronous transactions.
Wireless Transport Layer Security (WTLS) is basically based upon Secure
Sockets Layer (SSL)28. It is only optimized for use over narrowband communication
channels. WTLS provides data integrity, privacy, authentication, denial-of-service
protection. Applications are able to enable or disable WTLS features depending on
their security requirements and the characteristics of the underlying network.
Wireless Datagram Protocol (WDP) is the transport layer protocol in the WAP. It
sits on top of the bearer services and provides a common interface to the upper layer
protocols.
Bearers services used by WAP protocols are short message, circuit-switched data,
and packet data. They offer different levels of QoS for throughput, error rate, and
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delays. The WDP specification lists the bearers that are supported and the techniques
used to allow WAP protocols to run over each bearer, but this list will change over
time with new bearers being added as the wireless market evolves.
28 SSL: A transport level technology for authentication and data encryption between web server and
clients. Developed by Netscape, SSL negotiates point-to-point security between client and server. SSL send
data over a socket, which is a secure channel at the connection layer existing in most TCP/IP applications
4. 3r generationWireless Networks
In the last 10 years the IT (Information Technology) world has changed a lot and
these changes in turn have affected the way people live all around the world. Industries
have started to do business in a complete different way and people are reachable
everywhere at any time. E-commerce, online interactive games, Internet and many other
words are the new words we begin to hear everyday. One of the factors causing this is
the explosive growth of the Internet and the World Wide Web. This has increased the
need for data communications more than ever because the content was appearing and the
way of exchanging the information was getting easier. Mobile users now demand access
to services like e-mail and multimedia. They expect to access to these services from
anywhere in the world using the same terminal, irrespective of their actual geographical
location or environment. The ITU has recognized that such changes are happening and
started the standardization process for next generation systems with the establishment of
an Interim Working Party 8/13 (IWP 8/13) by Decision 69 in as early as 1985. This was
the initiative, which was then known as the FPLMTS (Future Public LandMobile
Telecommunication Systems). Its name was changed to
"LMT-2000" later on as
mentioned in the terminology section. [10] The vision behind this initiative can be seen
in the Figure. 29 below.
There are huge amounts of potential benefits of the
3r
generation, which caused
lots of interests from different companies and organizations to join the standards
definition projects. The vision of the project was to describe a unified global broadband
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wireless system capable of supporting data rates of up to 2Mbps and able to be used
anywhere in the world. [2] Those systems and services are likely to be used by many
sectors, including systems with limited mobility, like the areas with low population
density, and in private/corporate markets, ranging from home use to wireless PBXs,
emergency and cordless systems. [1]
IMT-2000
The ITU vision ofglobal wireless access
in the 21st century
Figure . 29 : The ITU Vision ofGlobal Wireless Access in the 21st Century *[10]
To be successful in the global marketplace, IMT-2000 networks must support a much
larger range of services and functionality's [2] :
Data, real-time audio and videoconferencing, information retrieval services and many
others are expected to be provided by 3G over a wide range of user densities and
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coverage areas. A list of the data transfer limits and operating environment are in the
following table. [10]
Table. 8 : 3G Data Transfer Limits for Different Environments
Operating
Environment envisaged
Sneeds
maximum
transfer
delay (real
time oidy)
5>^:m^m^MXsi:"f?^mmwA-m.
Rural
Outdoor
<500 km/h 64 kbps
preferably
144 kbps
20-300 ms
Urban
Suburban
Outdoor
<100 km/h 384 kbps
preferably
512 kbps
20-300 ms
Indoor
Low Range
Outdoor
<10 km/h 2 Mbps 20-300 ms
3G should offer users the same service regardless of his geographic location as if they
are at home. We can call this "virtual home
environment29"
. This service will provide
the same look and feel with roaming as at home. It will allow customization of the
individual needs. [40] Software will be downloadable to the terminal anytime, and
applications will be possible to run on terminal or in network (e.g. Java)
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Fixed Wireless Access (FWA) services are also an important part of the IMT
Services. This is because of the market potential in the Asia-Pacific region. We can
see the details of this potential in the "Mobile Growth Forecastfrom the UMTS"
section in the first part of the thesis. These services are hoped to bring the basic
POTS30 and narrowband-ISDN services for developing countries with less financial
investment and quicker rollout.
3G is expected to have a huge amount ofAsymmetric Multimedia Traffic, which
needs bandwidth-on-demand and greatly improved spectrum efficiency and lower
cost compared to second-generation systems. [10]
Of course, high quality voice is another service 3G will offer.
4.1 3G Aims and Objectives
There are so many objectives and targets of the 3G networks that making a list
would be the best way to explain them shortly:
29 Virtual Home Environment: the virtual home environment is a system concept for personalized service
portability between serving networks and between terminals.
30 POTS: Plain Old Telephone Service.
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Open standards are the first in the list of the aims and objectives of the 3G systems.
This will permit easy introduction of new technology and of different applications.
Global coverage with the use of the satellites.
Higher data rates allowing multimedia and Internet applications.
Wider range of terminals and services.
Flexible and seamless service provision. For this 3G systems need to be fully unified
with the fixed telecommunications network. This will integrate wireless with the
underlying wireline framework and provide seamless communications in every
situation.
Improved operational efficiencies.
A modular structure which will allow the system to start from as small and simple a
configuration as possible and grow as needed, in size and complexity.
- Efficient use of the radio spectrum consistent with providing service at acceptable
cost. [10], [31]
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4.2 Terminology
To be able to understand the new standards better we need firstly to know the
terminology better. First of all the different names of the
3rd
generation (3G) networks
need an explanation.
UMTS (Universal Mobile Telecommunication System) : This is a term originated
within ETSI to describe the 3rd generation systems. ETSI now have a sub-Technical
committee known as Special Mobile Group SMG5 dedicated to the vision.
FPLMTS (Future Public Land Mobile Telecommunications System) : This was the
original name for the
3rd
generation system.
IMT-2000 (International Mobile Telecommunications 2000) : FPLMTS was renamed
as IMT-2000. In addition to the reference to the year 2000 this figure also refers to a
block of allocated spectrum at around 2000 MHz that is intended for use by
3rd
generation systems.
4.3 Political Issues
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It is important to discuss the political issues which are playing a role in the
development of the 3rd generation and the direction it is heading. There are many
equipment producers, who participate in the organizations like the ITU and the UMTS
Forum. They understandably try to defend their systems and there is a competitive arena
of such producers and operators as they try together to set the standards for the future.
There are some other problems such as the Spectrum Problems, which can play
quite a role on the future of the 3rd generation. Standardization organizations like ITU had
the vision to set
3rd
generation networks with a unified radio frequency spectrum
allocation around the world. This way we could obviate the need for complex equipment
that could operate over, and automatically adjust to, a range of different frequencies. At
the start of the efforts the 230MHz range of the spectrum was identified as the spectrum
for the 3rd generation at the Union's World Administrative Radio Conference in 1992.
Then the decisions by ITU's WARC-92, further corroborated by WRC-97, call for
administrations to "make the necessary frequency available
" for IMT-2000. The
regulators around the world took this seriously and the regulators in most parts of the
world are making the necessary provisions at the national and regional levels to assign
the 2 GHz band to IMT-2000 and other
3rd
generation services. But in the North America
we have a different situation as the second generation systems like the Personal
Communications System (PCS) are operating or licensed in most of EV1T-2000 identified
spectrum. This is definitely a problem for the unified worldwide spectrum for the
3rd
generation networks. Due to such reasons the consideration of worldwide spectrum
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requirements for the 3rd generation networks will be further on the agenda of the
Organizations like ITU, UMTS Forum and regulators. They will definitely continue to
examine the necessity of further allocations to accommodate the increasing amount of
broadband traffic as third generation systems become entrenched and applications
become increasingly interactive. [2]
By ITU, studies on IMT-2000 have continued under the auspices of the Radio-
communication Study Group 8 (ITU-R-TG 8/1), which is the "system architect"for IMT-
2000. The recommendations that came out of the work of this group were called under
the name of ITU-R M. Those were covering several radio and spectrum-related aspects
of both the terrestrial and the satellite-based components of IMT-2000 [1]. But this
group was not the only group inside the ITU working on the different issues of the IMT-
2000 networks. As seen by the Figure. 30 and Figure. 31 below there were many
directions the ITU groups were responsible for. For example the studies addressing issues
such as services, teletraffic engineering, speech coding, numbering and network matters
have also been underway in the various study groups of the ITU-T. This vision of global
wireless access in the
21st
century is providing direction to the many related technological
developments in the area and assisting convergence of the competing technologies.
Besides the ITU, a large number of regional standard bodies and partnership groups are
also actively involved in the 3G tasks. [10]
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Figure. 31 : ITU's IMT-2000 Workplan
4.4 Network Architecture
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The major elements of the core network like the MSC, HLR, SGSN, GGSN and
other packet elements are common to both GSM and UMTS. Most of them were already
explained at the GSM or GPRS sections of the thesis.
The UMTS Terrestrial Radio Access Network (UTRAN31) consists of a set of Radio
Network Subsystems32 (RNSs), connected to the core network using ATM
(Asynchronous TransferMode). Those RNS's can be seen in the Figure. 32 in more
detail. The RNC33 (Radio Network Controller) controls a group of elements called Node
B34 (or BTS), and each Node B can serve one ormore cells. RNC took over some
functions from the MSC like the system access, handover detection, decision and
execution. [46]
7^RADIOW
NETWORK
CONTROLLER
RADIO
NETWORK
SUBSYSTEM
31 UMTS Terrestrial Radio Access Network: UTRAN is a conceptual term identifying that part of the
network which consists ofRNCs and Node Bs between the interfaces Iu an Uu.
32 Radio Network Subsystem: Either a full network or only the access part of a
3rd
generation network
offering the allocation and the release of specific
radio resources to establish means of connection in
between an UE and the UTRAN. A Radio Network Subsystem contains one RNC and is responsible for the
resources and transmission/reception in a set of cells.
33 Radio Network Controller: This equipment in the RNS is in charge of controlling the use and the
integrity of the radio resources.
34 Node B: A logical node responsible for radio transmission / reception in one or more cells to/from the
UE. Terminates the Iub interface towards the RNC.
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Figure. 32 : Network Architecture *[46]
As mentioned, because of the investments in the existing networks and the mobile
terminals, the networks will most probably not be switched to the new technology by
shutting down the old systems immediately, but both network structures will exist
together and will be connected to offer a seamless solution. Base stations of the new
generation will be rolled out gradually from the densely populated areas and wide area
coverage will be provided by using GSM, GPRS and other 2nd and 2,5 G networks.
Handovers between two generations of networks will be supported to provide a seamless
solution, although this will not address the inconsistency in services in different areas if
GPRS is not available. Of course the support systems like the PN's (Intelligent
Networks), NMS and customer service billing systems will be integrated between the
existing
2nd
and 2,5 generation systems and the new
3rd
generation networks to prevent
discontinuity of the services. We can easily say that the network's outlook will be as by
the following Figure. 33.
Figure. 33: NetworkManagement Systems Integration
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For the medium future like 5-6 years later, the plans ofmany manufacturers are different
than the Figure. 33 above. They are planning to move away from the hierarchical
network architectures and start using an IP in focus new model. (Figure. 34) This is
because of the convergence of the all services into IP nowadays. Today all fixed
networks are on their way to converge at IP. Comparison of the current wireline network
and the next generation networks shows that the networks, like the PSTN networks, today
are:
1) Mostly Circuit-switched and Narrowband.
2) Primarily still voice centric.
3) Have Centralized Switch Features.
4) Location based.
5) Hierarchical NetworkManagement.
6) Switch + IN (Intelligent Networks) based services.
7) Separate networks: fixed, wireless, paging etc.
While the networks of the future is expected to be :
1) Packet switched and broadband.
2) Voice, data, multimedia centric.
3) Distributed call control and mobility management.
4) Person based.
5) Peer to peer architectures.
6) Network based services via the Internet feature
servers.
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7) Converged.
But, of course, there are still lots of debate about the best way forward.
GSM
GSM/UMTS
Figure. 34 : IP Converged Networks
From the applications'andprotocols'point of view things will not be so much
different as by the GPRS. The user plane for the UMTS or 3G networks will look like the
following figure. Comparison of this Figure. 35 with the Figure. 17 in the GPRS section
shows that there are some differences. One of those differences is the use of the Packet
Data Convergence Protocol (PDCP). This transmission functionality maps higher-level
characteristics onto the underlying radio-interface
protocols'
characteristics. It supports
IPv4, PPP, and IPv6. Additional new higher-layer protocols can be added in this list
without any changes to the radio-interface protocols. PDCP provides protocol control
information compression. But the user data compression is not supported in the 3G unlike
the GPRS. This is because the data compression efficiency depends on the type of user
data, and because many applications compress data before transmission anyway.
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In order to provide the advanced services offered by the access network, the 3G
core network will need to migrate from a fixed transmission technology to a more
flexible transport network. As mentioned above, those technologies could be IP, ATM
(Asynchronous TransferMode), Frame Relay, and IPv6 (IP Version 6). The core network
has basically three parts, Transport, Mobility, and intelligence functionality. Transport
part must support both packet and circuit switched technologies. [41]
Application
E.g., IP,
PPP,
OSP
PDCP
RLC
MAC
LI
RLC
MAC
LI
UDP/IP
AAL5
ATM
UDP/IP
AAL5
ATM
UDP/IP
L2
LI
Un Iu-PS
MS UTRAN 3G-SGSN
E.g., IP,
PPP,
OSP
GTP-U
UDP/IP
L2
LI
Gn Gi
3G-GGSN
Figure. 35 : User Plane for UMTS35
Physically and protocol wise the architecture looks as depicted above. Now to be able to
check out which different functions are handled by which elements of the architecture we
can take a look into the following table on Assignment of Functions to General Logical
Architecture. The functions identified in the functional model are assigned to the logical
architecture.
35 Iu: Interconnection point between the RNS and the Core Network. It is also considered as a reference
point.
Iub Interface between the RNC and the Node B.
Iur: A logical interface between two RNCs. Whilst logically representing a point to point link between
RNCs the physical realization may not be a point to point
link.
Uu: The Radio interface between UTRAN and the
User Equipment.
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Table 9: Mapping of Functions to Logical Architecture *[35]
1 Function 2$MS.
Network Access Control:
Registration X
Authentication and Authorization X x X X X
Admission Control X x X X X X
Message Screening X
Packet Terminal Adaptation X x
Charging Data Collection X X X
Packet Routing & Transfer:
Relay_ X x X X X X X
Routing x x X X X X X
Address Translation and Mapping x x X X X X
Encapsulation x x X X X X
Tunneling X X X X
Compression x x X X
Ciphering x x X X X
MobilityManagement: x x X X X X
Logical Link Management:
Logical Link Establishment x X
Logical Link Maintenance x X
Logical Link Release x X
Radio Resource Management: x X X X X
4.5 Mobility Management States for 3G/UMTS
There are many states an MS or any other element of the 3G network could be in. Of
course there are also procedures defined on how to pass from one state to other but listing
all those is not the aim of this thesis. Only a short list of the MobilityManagement States
for the 3G networks is enough to have an idea about the complexity of the possible states
of the Data Transfer, attachment, detachment of equipment, location availability, MS or
Network requested Context activation and deactivation, etc. [35]
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PMM-DETACHED State - In this state there is no communication between the MS
and the 3G-SGSN. The MS and SGSN contexts hold no valid location or routing
information for the MS. This means the MS is not reachable by SGSN because its
location is not known. AfterMS performs a PS Attach procedure, the MM contexts in
MS and SGSN are established.
PMM-IDLE State - In this state the location ofMS is known by the SGSN with an
accuracy of a routing area. To reach the MS paging is used. MS performs a routing
area (RA) update if the RA changes. The MS and SGSN enter the
PMM-CONNECTED state when they establish a PS signaling connection between
themselves. PS detach signaling changes the state to PMM-DETACHED. The SGSN
may perform an implicit PS detach any time after the MS reachable timer expiry. The
MS's MM context is deleted, preferably after a certain (implementation dependent)
time.
PMM-CONNECTED State - In this state the location ofMS is known in the SGSN
with an accuracy of a serving RNC. A PS signaling connection is established between
the MS and the 3G-SGSN when they are in this state. The MS enters PMM-IDLE
state when its PS signaling connection to the SGSN has been released or broken.
SGSN may decide to release the PS signaling connection after state is changed to
PMM-IDLE. PS detach changes the state to PMM-DETACHED.
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State Transitions and Functions
Change of the states in UMTS is handled in the drawn order as shown in the figure
below.
Figure. 36: PMM State Model *[35]
4.6 Air Interface
,rd
The last important decision on the Radio Interfaces of the 3 generation was
taken in the meeting of the group of radio experts (LTU-R Task Group 8/1). The meeting
was held in Helsinki from 25 October to 5 November 1999 and a comprehensive set of
terrestrial and satellite radio interface specifications for IMT-2000 were approved.
General Schema of the approved interfaces looks like the Figure. 37.
105
IMT-2000 Terrestrial
Radio Interfaces
i rvi t
^
-""
f ^ - ^
^
~-~--_
IMT-DS
Direct
Spread
IMT-MC
Multi
Carrier
IMT-TC
Time-Code
IMT-SC
Single
i Carrier
IMT-FT
frequetio
Time
\
\
4
1 \
4
[
CDMA TDMA FDMA
Figure. 37: IMT-2000 Terrestrial Radio Interfaces
Those names seen in the figure are usually not so well known names but the radio
interfaces shown in the figure are commonly known by the following names:
UTRA FDD (WCDMA) for IMT-DS;
cdma2000 for IMT-MC;
UTRA TDD, and TD-SCDMA for IMT-TC;
UWC-136 for IMT-SC;
DECT for IMT-FT
In the following sections (sections 4.6.3 and 4.6.4) some short comparisons of those
technologies like W-CDMA against TD-CDMA comparison, and W-CDMA against
cdma2000 comparison will be done.
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The most favored technologies after those meetings were based on the CDMA
technology. The most important of them, which is supposed to be the air interface for the
GSM basednetworks'evolution into 3G, or so called "3G version of GSM", is the
Wideband CDMA orWCDMA. It is based on CDMA technology as it can be seen from
its name. This version of CDMA deviates from American standards, although it uses the
same spread spectrum principles. For data, WCDMA adds the capability for 2Mbps data
rates indoors. The airlink, using 5MHz, 10MHz, or 20MHz radio channels, will be
completely different from GSM's current 200 kHz channels. However, the data
networking forWCDMA will likely be based on EDGE/GPRS infrastructure protocols,
such as the GPRS Tunneling Protocol. The earliest WCDMA deployment is expected in
Japan in the end of 2001 or in 2002. WCDMA will probably not only be exclusively used
for the future versions of the GSM networks but as well the IS-136 carriers might
eventually use WCDMA technology, though a wideband TDMA (WTDMA) approach
has also been proposed.
Convergence between the protocols and the frequency bands were wished but it
looks like this is not going to be the case. Therefore users may need multi-band, multi-
mode terminals to support multiple radio interfaces. Additionally, internetworking
gateways will be required to achieve international roaming between W-CDMA and
cdma2000 based interfaces. [10]
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4.6.1 Physical & Logical Channels
The air interface or physical layer is split into a number of physical channels.
These physical channels carry logical channels dedicated to provide various functions
required to setup and conduct the calls. [55] The major logical channels are:
BCH (Broadcast Channel) - Downlink point-to-multipoint channel for broadcast of
system and cell specific information. It is always transmitted over the entire cell with a
low fixed bit rate.
FACH (Forward Link Access Channel) - Downlink channel for control information to a
mobile station when the system knows the location cell of the mobile station. May also
carry short user packets. [46]
PCH (Paging Channel) - Downlink channel for control information to a mobile station
when the system does not know the location cell of the mobile station.
RACH (Random Access Channel) - Uplink channel for control information from a
mobile station. May also carry short user packets. [46]
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DCH (Dedicated Channel) - The dedicated channel is a downlink or uplink transport
channel that is used to carry user control information between the network and the user
equipment. The DCH corresponds to three channels Dedicated Traffic Channel (DTCH),
Stand Alone Dedicated Control Channel (SDCCH), and Associated Control Channel
(ACCH) defined within the ITU-R M.1035. [46]
Logical Channels
BCH -*
Physical Channels
-? Primary Common Control Physical channel
(Primary CCPCH)
RACH
DCH
DSCH
"*"
*? Secondary Common Control Physical channel
(secondary CCPCH)
Physical Random Access Channel (PRACH)
Dedicated Physical Data Channel (DPDCH)
Dedicated Physical Control Channel (DPCCH)
Physical Downlink Shared Channel (PDSCH)
Synchronization Channel <SCB)
Figure. 38 : Logical - Physical ChannelMatch at 3G
4.6.2 Performance Improvements
With CDMA technology used for the air interface there are many ways to
increase capacity without changing the
structure of the air interface and its channel
structures. One of them is the Multi-user Detection, in which the receiver detects each
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user or code and then subtracts all the unwanted users to provide a greater signal to noise
ratio, which gives a better bit error rate. But this process needs lots of processing and at
the moment not usable by mobile terminals yet. Another method is the Opportunity
Driven Multiple Access, which is based on the idea that the users do not mind that
another user uses their resources and the mobile while they are not using it. This method
is considered as a possibility for the TD-CDMA and a nearby mobile can be used to hop
to the base station. [66]
4.6.2.1 Rake receiver
Mobile terminals and base stations contain Rake receivers. The receiver has
actually the same schema as the Figure. 9 at the section 2.2.2.1. But the difference is the
number ofDigital demodulators the rake receivers have in parallel. There are two reasons
to have several Digital demodulators in parallel. One of them is calledMultipath
Propagation. This is a characteristic of the cellular systems. Due to reflections and other
phenomena a received signal may be comprised of several signals which have arrived via
different paths. Such a situation will cause some problems of fading and intersymbol
interference. The rake receiver is supposed to overcome this problem by assigning a
different demodulator to each multipath. The search finger attempts to align itself with
the incoming data until it finds a match, then it instructs one of the other demodulators to
lock on to that multipath. This way several demodulators can each demodulate a different
multipath and their results are summed at the output. This process causes all multipaths to
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end up in phase and it makes the multipath propagation a benefit instead of being a
problem.
4.6.2.2 Soft Handover
In the downlink direction a mobile terminal may be listening to the same
transmission from two or more base stations. The reason for this is so that it is ready for
the handovers when changing the cells. Those transmissions will be received time shifted
by a factor known as PN_Offset. Mobile equipment listening to the downlink
transmissions from the neighboring cells checks some thresholds and reports the
exceeding values to its base station. The network then transmits the downlink signal to
that mobile from this new base station too. Of course because of the rake receivers this is
no problem to the mobile equipment. If the signal from any of those base stations falls
under a threshold, then it will be dropped. In the uplink two or more base stations receive
the signal and the best of them will be selected when the signal passes to the switch.
Soft handovers make the handovers seamless but the spectral efficiency of the CDMA is
reduced by 20% or more because a single call occupies two or more air interface
channels in the cells where the handover takes place.
4.6.2.3 Power Control
in
Power Control is much more important for CDMA compared to other techniques
because the base station must be able to pull a particular transmission out of noise and a
stronger power leveled signal could mask the others. But if all the mobile terminals
transmit at a constant power level then this could easily lead to received signals with
different power levels at the base station. This is normal because of the different
distances mobile equipment are to the base station. However if the uplink power is
controlled in very tight limits to ensure constant and equal received signal levels at the
base station we can eliminate this unwanted situation. This kind of control over the power
level can be done by Open Loop Power Control method. This requires the mobile
equipment to adjust its power as a function of the downlink received signal level. As the
downlink received power level falls the uplink transmitted power needs to be increased.
Another solution is called Close Loop Power Control. In this method the base station
constantly commands the mobile terminal to either increase or decrease its power output
at a rate of 800 commands per second. Of course the power control will be hard as the
mobile gets to a soft Handover region between two or more cells. Because all the base
stations will try to control the power output of the mobile in a way. But the worst
scenario is that a base station requiring less power gets a signal with more power. To
make this scenario impossible the
"decrease"
commands override the
"increase"
commands in any case, and a mobile terminal increases its output signal power only if all
the base stations it is in contact in that particular moment tell to do so. This is as well
very comfortable for the battery life of the mobile terminal.
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4.6.3 W-CDMA , TD-CDMA Comparison
The Radio Transmission Technology (RTT) of a telecommunication system
consists of functional components such as the Multiple Access Scheme, Modulation
Technique, Channel Coding/Interleaving, Duplexing, Frame Structure and RF-channel
parameters like bandwidth and channel spacing. Each of these components affects the
overall performance of the communication system, with Multiple Access serving as the
basis on which the common transmission medium is shared among multiple users. [10]
The comparison of such functional parameters between the W-CDMA and TD-CDMA
in the table below gives a good idea about the both technologies. UMTS will use those
modes of operation. W-CDMA is a direct sequence CDMA system where the difference
between two mobile station connections is ensured using codes. It is very similar to the
CDMA systems of today but there are likely to be some differences in the
implementation of codes management and the need to synchronize. It will support
asynchronous transmission, (optional) synchronous cells and use time multiplexed
downlink pilot channels. TD-CDMA adds time division to the CDMA process. Variable
bit rates will be supported by dynamic allocation of both codes and timeslots. LTU is
recommending that countries have four
3rd
generation network licenses, and it will be
dependent to the regulatory organizations of the countries to use one of the selected
techniques by the ITU. Allocation of two 15 MHz in the paired bands, which means 3
times 5 MHz channels for both uplink and downlink, and allocation of one 5MHz in the
unpaired bands is recommended by the ITU. [49]
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Table. 9 : WD-CDMA, TD-CDMA Comparison
W-CDMA TD-CDMA
Duplex Schema FDD TDD
Bandwidth 5MHz 5MHz
Carrier Spacing 5MHz inter operator 5MHz inter operator
Multi-rate / Variable rate Variable spreading factor
& Multicodes
Multiple timeslots &
Multicodes
Modulation QPSK QPSK
Packet Access Supported for common & dedicated channels in both
User data rate 144 Kbps , 384 kbps & 2Mbps for both systems
4.6.4 Comparison of the W-CDMA and cdma2000
Most of the submitted CDMA based proposals for the 3G are the Wideband
CDMA (W-CDMA) orWideband cdmaOne based. (Table. 10) As known in the markets
NTT DoCoMo, Fujitsu, Panasonic, NEC, Ericsson, Nokia, Panasonic, Fujitsu (UTRA)
are proponents ofW-CDMA. Lucent, Motorola, Nortel and Qualcomm pioneered the
cdma2000 proposal. It looks like that these two air interface technologies will be the most
widely used air interfaces for 3G systems because of the support of those
companies
behind them. There are some continental groups behind the proposals too. For example
the government of Finland announced that the air interface for the four licenses they are
giving away is expected to be W-CDMA. And
even the one and only company coming
with a cdma2000 proposal has as well another proposal with the W-CDMA. [10]
Table. 10 : Radio Transmission Technology Candidates
* [2] (As submitted by the 30
June 1998 deadline.)
114
RTT Candidate Descripti
<
~~"~
.
dio Transmission Technolo
ion
DECT
UWC-136
Indoor
Digital Enhanced Cordless
Telecommunications
Universal Wireless
Communications
WIMS Wireless Multimedia &
W-CDMA Messaging Services
Wideband CDMA
TD-SCDMA Time Division Synchronous
CDMA
W-CDMA
CDMAJJ
UTRA
Wideband CDMA
Asynchronous DS-CDMA
UMTS Terrestrial Radio
Access
X
X
X
X
X
X
NA:W-CDMA North AmericanWideband X
CDMA
CDMA-2000 Wideband CDMA (IS-95) X
CDMA-1 Multi-band synchronous X
DS-CDMA
SAT-CDMA Satellite-based CDMA system
SW-CDMA Satellite-based Wideband CDMA
SW-CTDMA
ICO RTT
Horizons
system
Satellite Wideband hybrid
CDMA/TDMA
ICO-developed satellite system
Inmarsat-developed satellite
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
ETSI
USA
USA
China
Japan
South
Korea
ETSI
USA
USA
South
Korea
South
Korea
European
Space
Agency
European
Space
Agency
ICO
Inmarsat
W-CDMA and cdma2000 have some major technical differences with each other.
Some of them are listed in the Table. 11 below.
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Table. 11 : W-CDMA, cdma2000 Comparison
ft
Chip rate 4.096 Mcps 3.6864 Mcps
Frame Length 10 ms 20 ms
Base Station
Synchronization Asynchronous Synchronous
One of those differences, as seen in the table, is the chip rate. Both chip rates are
compatible with the generation of network's chip rates they are supposed to follow. So,
for the W-CDMA those are backward compatible with GSM, and the cdma2000 chip rate
is a direct derivative of the IS-95 chip rate.
W-CDMA'
s chip rates achieve higher
capacity in a 5 MHz deployment, whilst the cdma2000's chip rate
achieves higher
capacity for 10 and 20 MHz deployments. [10]
Frame intervals (or lengths) are the second important difference. The W-CDMA
frame interval (10 ms) is selected to reduce the end-to-end transmission delay but it may
degrade demodulation performance due to a shorter interleaving span as compared to the
20 ms frame. One more difference is the percentage overhead. This
amount is more for
the W-CDMA because its frame is shorter than the
cdma2000 frame. [10]
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Network-synchronous operation of base station is another difference. The
cdma2000 is synchronous in this manner and it uses common paging and control
channels. The result of this is a faster cell search and increased reliability and power
economy from soft handovers. On the other hand, the synchronous mode requires a
means of global synchronization of base stations. This could be done by using a Global
Positioning System (GPS) or something similar. The disadvantage of this would be that
in the places where it is not available, the requirement of synchronism may prohibit
deployment. [10], [67]
Similarities of cdma2000, and W-CDMA
Of course there are not only the differences as listed above, but similarities too. Both
W-CDMA and cdma2000 are wideband, spread spectrum-based 3G air interfaces
oriented towards a much larger set of services and features than exiting cellular systems.
Both technologies share a large number of similarities including [49] :
Coherent operation of the uplink and downlink.
Fast power control (uplink, downlink).
Complex QPSK spreading on both uplink and downlink.
Variable spreading factor to achieve higher data rates.
Variable rate operation with blind rate estimation for voice-like services.
Variable length orthogonal Walsh sequences used for downlink characterization.
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Non-orthogonal uplink based on PN scrambling codes.
Convolution Codes used as baseline, with identical polynomials (R=l/2, 1/3, k=9);
parallel Turbo codes envisaged for higher data rates.
Mobile-assisted inter-frequency hard handoffs.
4.6.5 Upgrade Path For CDMA Based 2G Networks
The most important point for the network operators is to find out which way they
will go when upgrading to 3G networks. Will they just start from the scratch and throw
away all the investment or will they follow a gradual way to upgrade and keep their
existing network and equipment to keep their investments? Most of the network operators
will like to keep their existing investment for sure. If the network operator owns a
cdmaOne (IS-95) based network there will be several available options before going into
the 3G directly. The incremental technologies IS-95-B and IS-95-C are solutions which
could answer their concerns and both of those technologies are backward compatible with
the existing IS-95-A system.
IS95-B - offers a packet switched data at 64-1 15 kbps. Aggregating up to eight CDMA
traffic channels each offering 14.4 Kbps and assigning them to a mobile station for the
duration of its burst traffic can do this. This involves software upgrade, but does not need
to change the physical layer. Its introduction costs is calculated to be 4-7% of existing IS-
95-A investment. This upgrade will satisfy the bandwidth needs of the Internet access
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and applications needing medium data rates but the data rates are not sufficient to support
wideband EMT services. This is not a particularly spectral efficient technology, and may
serve as an interim solution only. [10]
IS-95 C (cdma2000 Phase-1) - is known as lxRTT or cdma2000-Phase 1 too. It
employs 1.25 MHz of Bandwidth and offers a nominal data rate of 144 Kbps for mobile
and stationary applications. It is expected to be available in year 2000. It requires both
hardware and software changes to the infrastructure and terminals and is a part of the
cdma2000 proposal to IMT-2000. Estimated introduction cost of it is the 25-30% of the
existing IS-95 investment. It yields up to two-fold increase in radio capacity over
cdmaOne and uses a quick paging channel and gated transmission to produce extended
battery life. But still with the 3G in mind it has low data rates although it needs more
investment as the IS-95 B. [10]
3x RTT - This is a part of the cdma2000 proposal to IMT-2000. 3x, means it combines
three 1,25 MHz channels to offer packet data rates up to 2 Mbps.
4.7 Spectrum Allocation
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In February 1992, World Administrative Radio Conference (WARC), identified
the bands 1885 2025 and 2110 - 2200 MHz for use by JMT-2000. The bands 1980 -
2010 and 2170 2200 MHz were reserved36 for the satellite component of PMT-2000. Of
course this was identified according to the vision of the ITU-R.
UMTS total spectrum allocation (MHz)
1885
":c-<0
1980 2010 2025 2110 2170 2200
WM
Terrestrial
Part
Uplink
Satellite
Component
Downlink
Satellite
Component
Figure. 39: ITU Vision for Worldwide 3G Spectrum Allocation
As can be seen by the figure above there is 170 MHz allocated to the terrestrial part of
the IMT-2000 and 60 MHz allocated to the satellite component of it. But anyway this is
only the vision of the ITU for theMT-2000 spectrum allocation,
but the real situation is
a bit different for most of the continents and countries as can be seen by the Figure. 40
below.
36 ITU Radio Regulations provision no. 746A
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Figure. 40 : Spectrum Allocation for 3G
As illustrated, Europe and Japan have decided to implement the terrestrial part of
IMT-2000 in the paired bands 1920 - 1980 (uplink) and 2110 to 2170 MHz (downlink).
But the last in the figure is the U.S.A., which has all those bands already in use. Another
important point which is not catered for by Europe and Japan is the asymmetrical nature
of the expected 3G traffic. Those networks basically require more capacity on the
downlink channels than on the uplink. So, the reserved 60 MHz channels for both uplink
and downlink are not the best way to handle asymmetrical traffic. [10] Those are the
paired bands using W-CDMA technology in Frequency Division Duplexing (FDD)
mode. We have as well unpaired bands (1900-1920 MHz and 2010-2025 MHz) using
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TD-CDMA technology in Time Division Duplexing (TDD) mode. The 1885-1900 band
is currently used by the DECT within Europe as seen at the figure above.
Mentioned asymmetrical structure and expected growth of the demand formobile
services pushed the spectrum authorities to allocate additional spectrum for the expansion
of IMT-2000. ITU TG 8/1 has concluded that there is a need to identify 160 MHz of
additional spectrum for terrestrial IMT-2000, in each of the three ITU Regions. Next
WARC meeting will be the place to help decide on how much additional spectrum is
needed, and which bands should be designated as IMT-2000 "expansion
bands"
to be
brought into use in the 2010 time frame. There are already some bands the spectrum
controlling organizations are thinking about to reserve for the IMT-2000 expansion. But
some of those bands are used for existing services in some parts of the world and this
makes all planning work harder.
4.8 Elements of the
3rd Generation : Mobile Station,
Software & Security, USIM
It is important to know the elements of the
3rd
generation networks when we
are discussing the
3rd
generation networks. There are already some products , partly or
fully compatible with
3rd
generation, taking place in the markets as the digital baseband
solution, MSM5000 Mobile Station Modem (MSM) of QUALCOMM. Announced on
May 24, 1999, the system is the world's first semiconductor and software solution for the
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third-generation (3G) air interface standard that has been submitted by the U.S.
Telecommunications Industry Association (TIA) to the International
Telecommunications Union (ITU). Examples like this will soon start to increase in
number and, in the future of the
3rd
generation, we will have a complete suite of
equipment from the mobile phone to the base equipment.
4.8.1 Mobile Station
In the future mobile phones will be kind of hybrid between a computer laptop and
a mobile phone, with even more functionality than today's standalone units can offer. It
will most probably combine many different functions in a single, pocket or purse-sized
unit. We can quickly start to imagine that it will be voice controlled. It will have very
flexible pull out screens for video activities or the Internet surfing. It will have all the
functions and the capacity of our desktop PC at the moment and even it will be able to do
more than that. We will be able to connect to our corporate network from anywhere
around the world securely and be able to send and receive data, voice, sound and images.
It will most probably have the functions of the smart agents and our pocket organizers,
which will remind us of our daily schedule, will book our meetings, will connect us to
virtual meetings via audio- and videoconferencing functions, like an electronic secretary.
[2] But on the introduction of the
3rd
generation services for users, the mobile phones
probably won't look too different from the phones we use today, and probably won't be
used very differently. This equipment will just
take advantage of higher data rates and
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advanced services in situations where 3rd generation networks are in place. At the start
we will probably have some multi-mode equipment that will be second generation
compatible as well as the
3rd
generation. [2]. But for sure the most important point will be
the Man Machine Interface (MMI) requirements. MMI can allow a number of different
user interfaces like:
Keypad.
Color displays.
Voice Activation.
Virtual Environment Interface.
Written Input.
Touch Sensitive Displays.
Voice Interface.
As seen most of the above are already implemented. So, we can easily say the Mobile
Equipment will not look too different at the start of the new generation. Nevertheless the
convergence of standards into one global standard makes enormous sense, for the
customer, for the operators and for the manufacturer. [39]
A 3G mobile will be able to operate in three modes of operation. These operation
modes are different from the ones in GPRS due to the multiplexing capabilities of
UTRAN.
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PS/CS mode of operation: The MS is attached to both the PS (Packet Switched)
domain and CS (Circuit Switched) domain. It is capable of simultaneous PS services
and CS services operations. This mode of operation is equivalent to the GPRS class-A
mode of operation.
PS mode of operation: The MS is attached to the PS domain only and may only
operate services of the PS domain. However, this does not prevent CS-like services to
be offered over the PS domain (e.g., VoIP37). This mode of operation is equivalent to
the GPRS class-C mode of operation.
CS mode of operation: The MS is attached to the CS domain only and may only
operate services of the CS domain. However, this does not prevent PS-like service to
be offered over the CS domain. [35]
4.8.2 Software
As mentioned above Mobile Equipment (ME) of the future will be able to
download the software it needs as needed. So, it will be kind of a software radio. This
device will have as well kind of a Terminal Operating Environment (TOE) analogous to
37 VoIP: Voice over IP.
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the operating systems like the Unix orWindows. The functions, TOE is expected to
fulfill, are:
Radio Function - Generation of the radio signal will be through an operating system,
controlling the antenna and the RF signal generation. This will be able to modify
over-the-air to adapt itself to all radio access systems supported by the 3G.
Terminal Function - Operating system supervises all sub parts, and downloads new
generation of software if there is a need to change operations of any of those sub
parts.
Service Function - Terminal allows the addition and deletion of services. If there is a
new service is needed this is done by a software download. This way the user can
customize the services for the most efficient way he needs.
Global Pilot Channel - Such kind of a channel could be useful for the ME (Mobile
Equipment) to know which air interface systems and services are available for the
terminal on each network. ME could use the requested radio protocols out of its
memory or download them from the network. There are two different types of
roaming planned with the 3G systems. One of them is the Local National Roaming,
in which the 3G sits over the top of GSM so that the 2G networks can be accessed
when out of coverage of the 3G systems. This is the network-to-network roaming
inside the home country. The second roaming is the Wide Area Roaming, in which
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the access to any network outside the country is the case andME has not perfect
knowledge of the network and its protocols. In this case the use of the Global Pilot
Channel makes sense.
4.8.3 SIM Cards & Security - UMTS Subscriber Identity
Module (USIM)
Current SEM Cards are used for carrying user information like the phone books,
making user management, and for the Security and location management. The new
generations of SIM cards are expected to enhance the current applications like e-mail,
serve for the new services like the information services for travel, or serve for the
electronic commerce and banking. All those kind of functions will be the results of
definition of how the SIM card may interact with the mobile equipment but not just list of
possible uses of SIM card. Probably, Mobile Equipment (ME) and SIM together will be
replacing many documents we need to take with when we are travelling around. Some of
those could be cash cards, passports, driving licenses etc. The USIM will be the one,
which identifies the user to the network not the ME. It will be possible to make
emergency calls without the USIM. USIM is expected to store the confidential
information of the user, and it will need a gateway to access those information. It will
restore the latest information time to time to the network that if the USIM card is for
some reason damaged or lost, the network will have the latest information and the new
USIM will be able to download them back from the network. [38], [39]
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The USIM has yet to be defined because its physical shape and implementation is
not yet decided. Special Mobile Group 9 (SMG9) is responsible of defining the USIM.
But the suggested software choice for SIM applications is Java. It is non-proprietary,
platform independent from both hardware and operating system point of view, and opens
the development of services to the non Smart Card expert software developers.
Java consists of small software programs called Applets, which can be customized and
personalized and downloaded to the SIM card even through the air interface of the mobile
equipment. Of course, security, RAM and ROM space, battery power of the mobile
equipment are the concerns when using Java. [54]
Security - becomes much more important as the expected amount of personal,
confidential and sensitive information will be carried by the USIM and the ME increases.
We can think of two areas of security, one is the access to the stored information as the
banking details, medical details, network authentication information etc., the other is the
application of equipment for committing fraudulent activities by accessing other areas of
information through the network. The first area leads to a concept of hierarchical menu
security access. Additional to this we do need an upgradeable virus checking software.
This way the ME will be protected against the new viruses whilst the newest information
is downloaded.
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4.9 Beyond 3G: Issues and Enabling Technologies
3G will not only be shaped by the standardization organizations, manufacturers,
network operators etc., but there are many other issues and enabling technologies that are
likely to shape the wireless network environment of the future. It is a good idea to take a
look into some of those shortly.
Software Radio - As mentioned in the new ME section the new ME is expected to
have a so-called software radio. By this kind of devices many functions of oldME
implemented in the hardware, like the channel filtering, IF conversion, baseband
processing, will be handled by software. Software radios will be able to select their
access technique, modulation, coding during communication. This will offer
flexibility and make it possible to use the same devices in the future, because just
software will need to be changed online. Software radios will offer a common
platform to support multiple air interfaces and standards, and enable both service
providers and end users to adapt rapidly to new technologies without the need for
major changes. [10], [15] There are still some bottlenecks in implementing truly re-
configurable software radios. Those bottlenecks are mostly in the processing capacity
of digital processing hardware but there are moves underway to address these
problems [10], [15].
Smart Antennas - Smart antennas are able to automatically optimize its radiation
pattern in response to the given signal environment. This way they increase the gain
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of the desired signal, and offer a reduced interference. Of course this provides a great
improvement in range and capacity. [10], [16]
Integrated Circuit (IC) Technology - We all are aware of the Moore's law which
basically says "processing power of the CPUs will double every 18 months". This is
because of the continuous improvements in semiconductor processing technology.
Those rapid changes revolutionized many industries and caused people to expect
much more than ever in the history. Semiconductor industry miniaturizes and
increases the complexity of ICs continuously and this has been and will be the answer
to the many functions expected to serve the mobile communications during the 3G
age.
Battery Technology - Battery technology was not able to keep pace with the
developments in the CPU and other equipment technologies which are important to
the mobile devices. This is very important to the portable computing devices because
still the batteries make up an important amount of the total volume and weight of
those devices. The new generation wireless systems offer higher bit rates and many
other services which require more energy per bit (Eb) for transmission. Also the new
signal processing applications like equalization, coding and modulation algorithms
use much more power. Because of such reasons not only the size and portability of
future mobile communication terminals will be imposed by the bulk of their batteries,
but also many functions they can achieve will be imposed. The NiCd batteries are the
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most popular ones today, but solid-state Lithium batteries will soon offer a significant
improvement in terms of energy density and 50% better discharge rate.
Security and Authentication - Security and Authentication is not only an issue of
the wireless communication because of its unique nature, but as well have been an
issue for the wired networks. The difference is that wireless systems have even more
issues to solve because of the communication medium they are using. For a secure
communication, which can be used for E-commerce and electronic banking, the
protection against impersonation, protection of user and service profile against
malicious access, privacy of user location and calling patterns and many others are a
must. Those needs cover the areas of the air interface between the ME and the base
station, the exchanges between the ME and the network databases. [37] Of course we
have a good enough background and experience out of the security issues of the wired
networks and there are already many encryption algorithms like the public key, key
exchange, AKA are being developed to solve the concerns about the security of the
networking world. [53]
Voice Recognition - will be another technique which will influence the use of the
mobile stations. If a better and natural voice recognition system could be developed
then this will make the use of the interface of the user to the machine much easier and
attract new users.
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LDAP38 kind ofData base for customer profiling over the Internet - will make it
possible to recognize the customer preferences on the mobile networks and attract
new customers as well. [48]
MPEG 4 or any other kind ofVideo technology - which betters the coding will be
supported. So the limited quality because of the limited bandwidth or screen size will
be no more a problem. During the UMTS timeframe we can expect a set of codec
which will allow video communication through the Internet and mobile devices alike.
Additional to this use of video simulation techniques for sending a simulated picture
of the real-thing will reduce the need of the high bandwidth.
Trans-technology interconnection - like CDMA to TDMA interworking. We will
find more products which can work on many technologies and communicate using
numerous networks. Interworking at many levels will be available and make the life
easier. This will attract the customers to mobile networks.
HGML39 technologies - will provide great bandwidth savings over typical browsing
experiences. [57]
38 An open database structure called LDAP. Netscape/AOL currently uses this to record preferences and
personal homepages for their 20+ million users.
39 One form on ML, which allows graphics to be stored on the terminal and used within web pages, thus
never transmitting the picture over the radio link, is called HGML.
132
MathML40 type technologies - will replace spreadsheets by allowing the terminal to
have little coding inside except for some form of browser. It will allow complex
spreadsheets to be displayed and edited online. [58]
Bluetooth type of technologies - which will simple wireless communications
between devices makes it possible to use our mobiles in some distance without
carrying them with, and it will make them communicate with the other devices easily.
Bluetooth is expected to be widespread by 2002. It is backed by the companies Nokia,
Ericsson, Intel, HP, DELL and others. It will allow devices to communicate using a
very low powered wireless link up to a few mega-bits per second. [56]
Convergence of the networking world into IP technology - will allow seamless
communication worldwide.
ATM - (Asynchronous TransferMode) - kind of communication, which allows
very fast packet transmission with a known delay, will be used to access other telcos
and various networks around the world.
Wireless Location based Services - can offer services by location and even in
global scale. Those services will add value to the network operators, and attract new
customers for sure.
40 AMark-up Language (ML), which allows the terminal to have little coding inside except for some form
of browser. MathML allows complex spreadsheets to be displayed and edited online.
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Ultra-broad band technologies - like the test systems which allow 155mbps
wireless access within limited environments. These may become commercial within
the lifetime of 3G and provide high speed access for various services.
Technological improvements in screens - will produce brighter and larger screens
which require less power. This will make the mobile devices much more attractive to
use for many services like the videophony etc.
Electronic Calendar or/and Card type of applications - will make sharing diaries
and personal information easier and controllable. There are already some standards
starting to emerge on the inter-working of calendar applications. These standards will
be widespread by the year 2002 and thus customers will be able to synch meetings
and other activities while on the move.
Intelligent Agents - will save time and control various functions in the network for
the customer. Some combined PDA, mobile terminal, intelligent agent solutions will
be for sure very interesting for the 3G wireless users. [13]
Client-client web applications - will increase in number because the communication
between people (or their terminals) will result in more protocol for handling client-
client applications. Some of them can be VOIP and white-boarding kind of
applications.
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4.10 Mobile Services offered by 3rd generation
The driving forces, barriers and the uncertainties lying ahead of the new
generation are, as mentioned above, plentiful. Despite this the services that will be
offered are expected to be many in number and better than ever before. 3G's phase 1 will
introduce a range of new services like the Internet services andMultimedia. There will be
new applications with the concept of service capabilities. The service capabilities are
bearer services defined by parameters like the QoS attributes and mechanisms needed to
realize services. The standard is expected to enable the user of a single terminal to
establish and maintain several connections simultaneously. It is also expected to cater for
applications that have variable requirements relating to specific QoS parameters like the
throughput, etc.
The Teleservices and supplementary services [37], expected to be supported by the
3G are as the followings:
Voice
ShortMessage Service-Point to Point (SMS-PP)
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ShortMessage Service-Cell Broadcast (SMS-CB)
Supplementary Services (It is expected to support the standard GSM
Release '99 supplementary services. The control of such supplementary
services shall be the same as for GSM, from the user's perspective.)
Facsimile service (Store-and-Forward, and End-to-End)
Emergency Call
The Bearer services expected to be supported by the 3G are the GSM phase 2+
Release '99 data bearer services, and we can list them as the followings:
Circuit switched data: These services and other internetworking services
will be provided. Users will be unaware of the access network used. This will
be done with the supported Handover between access networks like the 3G
and GSM access networks. Both transparent (constant delay) and non-
transparent (zero error with flow control) services will be supported.
Packet switched data: These services will be provided by interworking with
packet networks such as IP-networks and LANs. The standard is expected to
provide mechanisms that ensure the continuity of packet-based services even
after some Handover between GSM and UMTS. [38]
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Of course those Bearer services make it possible for the 3G to offer a wide range
of services like Multimedia Services.
Multimedia Services - which combine two or more media components, like audio, data,
and video, in one call. Multimedia services are typically classified as interactive or
distribution services:
Interactive services are typically subdivided into conversational, messaging and
retrieval services. Conversational services are real time. They are usually bi
directional, and require low end-to-end delays (< 100 ms). Video telephony and
video conferencing are typical conversational services. Messaging services are
more for user-to-user communication via store and forward units, like mailbox or
message handling. They might typically provide combined voice and text, audio
and high-resolution images. Retrieval services are used to retrieve information
stored in information centers. Information centers may provide a different media
component, like high-resolution images, audio and general archival information.
Distribution services can be divided into services providing user presentation
control and those without user presentation control. Distribution services
without user control are broadcast services where information is supplied by a
central source and where the user can access the flow of information without any
ability to control the start or order of presentation. Examples of those are the
television or audio broadcast services. Distribution services with user control
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are also broadcast services. However here the information is broadcast as a
repetitive sequence and the ability to access sequence numbering allocated to
frames of information enables the user to control the start and order of
presentation of information. [39] , [40]
And finally a mixed list of the all services which could be used with 3G networks
could look like the followings [37] :
Conversational Voice, Videophone, Interactive Games, Two-way Control Telemetry^!,
Telnet^ft Voice Messaging and Dictation, Web Browsing, High Priority Transaction
Services (E-commerce), E-mail (server access)43? Audio Streaming^, One-way
Video45, Bulk Data, Still Imaged Telemetry (Monitoring)47; Fax, Low Priority
Transaction Services (like SMS), Email (server to server), and many more.
41 Two-way control telemetry : It is a data service, which does require a real-time streaming performance.
Clearly, two-way control implies very tight limits on allowable delay and a value of 250 msec is proposed,
but a key differentiator from the voice and video services in this category is the zero tolerance for
information loss (obvious if you are controlling an important industrial process, for example).
42 It requires a short delay in order to provide essentially instantaneous character echo-back.
43 When the user communicates with the local mail server, there is an expectation that the mail will be
transferred quite rapidly.
44 Audio streaming is expected to provide better quality than conventional telephony, and requirements for
information loss in terms of packet loss will be correspondingly tighter. However, as with voice messaging,
there is no conversational element involved and delay requirements can be relaxed, even more so than for
voice-messaging.
45 The main distinguishing feature of one-way video is that there is no conversational element involved,
meaning that the delay requirement will not be so stringent, and can follow that of streaming audio.
46 This category includes a variety of encoding formats, some of which may be tolerant to information loss
since they will be viewed by a human eye. However, given that even single bit errors can cause large
disturbances in other still image formats, it is argued that this category should in general have zero
information loss. However, delay requirements for still image transfer are not stringent, given that the
image tends to be built up as it is being received, which provides an indication that data transfer is
proceeding.
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5. Conclusion: Upgrade Paths, Possible Problems and Time Scale
All global telecommunication communities, i.e. the administrators in different
countries, manufacturers, operators and standards bodies are working together to finalize
the specifications and strategies necessary to translate 3G into reality. Although there are
still some points to complete, the work on the standardization is mostly complete. In
2001, one very early implementation of the 3G is expected to start (in Japan). The most
important points about the future of the 3G networks are the spectrum allocation, and 2G
network
operators'decisions on the paths they will follow for implementing the 3G
networks. They are faced with the difficult decision of how best to move towards 3G.
There are 2 choices for the ones coming from the GSM structured networks:
Utilize phase 2,5 G options as an interim step:
14,4 kbps^HSCSD^GPRS^EDGE
Move directly to 3G
The cdmaOne based network operators face similar choices:
47 Monitoring in this category apply to low priority activities, e.g.. status updating, rather than control.
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IS95-B : Which offers a packet switched data at 64 kbps. This involves software
upgrades and has drawback of being not particularly spectral efficient.
lx RTT : Which is referred to as IS95-C. This is expected to be available in 2000. It
will offer 144 kbps. It requires both hardware and software changes to the
infrastructure and terminals and is a part of the cdma2000proposal to IMT-2000.
3x RTT : This is also a part of the cdma2000proposal to IMT-2000. 3x, means it
combines three 1,25 MHz channels to offer packet data rates up to 2 Mbps.
Possible Problems
Potential barriers and the uncertainties ahead of the 3rd Generation Wireless
Networks are plentiful too. Some of them can be listed as:
The general philosophy behind 3G is that both mobile communications and the IT
world ofmultimedia and Internet are growing fast and they need a combined solution
in the near future. [1] But at the moment, compared to the other type of traffic, there
is still not a very huge need for the mobile broadband data, and the expected amount
of broadband data traffic is still a forecast, which might not happen too.
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Operators in different countries are driven by different market conditions and operate
in diverse regulatory frameworks, therefore requiring different solutions. The current
operators must protect their initial capital investments, whilst the new operators
differentiate themselves in order to establish a new revenue base.
There are multiple, commercially successful 2G standards in the world. Their
differences go far beyond their air-interfaces. Migrating towards each other is a very
difficult task.
Patenting issues of 3G technologies have been causing problems between some
companies which are represented strongly in the standardization organizations. The
resolved IPR (Intellectual Property Rights) dispute between Qualcomm and
Ericsson48 is an example of this kind of problems.
Because of the extreme high amount of investments already in the existing mobile
and fixed systems the newer systems will most probably be based on the existing
infrastructure. Add-ons to the existing systems may satisfy the market and reduce the
need for the real 3G. [68], [10]
The competition within the industry is hard and there are many movements occurring
outside the DVIT framework. ETSI in Europe, ARIB/TTC in Japan, ETRI in Korea
and TIA in US are the center of the other groups. There are also some partnership
48 The disagreement between Qualcomm Inc. and Ericsson Inc. over some code division multiple access
technology licenses caused the companies to fight in
the public arena and in the federal court. [62]
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projects such as 3GPP (between ARB3, ETSI etc. for GSM and UTRA), and 3GPP2
(ARIB/TTC, TIA TR45, TTA, China RITT for evolved ANSI -41 and cdma2000).
All of those groups are trying to promote their technologies within their own regions
as well as worldwide. This action could end with the end of the harmonization. [59],
[18]
Potential problems relating to the allocation of common spectral bands for IMT-2000
services all over the world. 3G has to always compete against rival technologies for
available radio spectrum.
Time Scale
Of course it's important to estimate when the 3rd generation networks are likely to
be available. This is not only important for this technology itself but as well for the
operators planning to implement this technology or the 2.5 G technologies like the
HSCSD, GPRS, EDGE etc. In the Figure.41 below is a draft plan of the timetable of 3G
networks.
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Figure. 41 : Timetable for 3G Networks
As can be seen by the table above, it is believed that NTT DoCoMo Corporation
in Japan will have the first 3G network in operation by the end of 2001. Licenses are
already available in some countries like Finland. The notifications of intent to bid
received on 15 January 1999. This provides a good insight into the way UMTS licensing
will continue across Europe. Of the 15 bids, 14 were W-CDMA and the other was
cdma2000, which is the technology backed by the Qualcomm. Even the company giving
this bid gave another bid with W-CDMA too. The Finnish government announced that
W-CDMA is the only technology adopted for Finland. There were 4 licenses to give for
free. Another country U.K. will award licenses in 2000.
,rd
The deadline for the air interface technology for the 3 generation systems, which
is known as the RTT (radio transmission technology), was on 30 June, 1998, and the ITU
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had received 15 submissions from organizations and regional standardization bodies all
around the world. These proposals were examined by special independent Evaluation
Groups, and the evaluation reports were given to the ITU at the end of September 1998.
After these evaluation reports were received the discussions for the final selection of the
key characteristics started. Those discussions were not easy, and although the foreseen
time scale to finish them with a final decision was March 1999 [2], the approval was
done in Helsinki from 25 October to 5 November 1999 at the meetings of the group of
radio experts (ITU-R Task Group 8/1). Finally, a comprehensive set of terrestrial and
satellite radio interface specifications for IMT-2000 were approved. After the decision on
the new air interface has been made, work on remaining standards can be completed and
ready for manufacturers and operator by 2000. The expected time scale for the first 3rd
generation systems to start appearing on the market is sometime around 2002. This will
most probably happen at the countries which already have huge amount ofmobile user
base and a strong demand for the new kinds of broadband services 3G can offer. [2] But
the coverage through the terrestrial network will not be enough. According to the UMTS-
Forum's documents more than 80% of the European population can be expected to be
covered by terrestrial UMTS/TMT-2000 in 2010, terrestrial cellular networks, within the
envisaged time scales ofUMTS/TMT-2000, will cover less than 20% of the world's total
land area. Satellite systems are therefore important to UMTS/TMT-2000 to provide
complete coverage. [1] A more official and detailed time schedule for the third generation
is at the Table. 12 below:
Table. 12 : UMTS Phase 1 development schedule *[28]
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Whatever the decisions will be about the way to follow by different providers when
upgrading to the
3rd Generation, the wireless revolution has finally arrived. Time Scale,
upgrade plans, chosen technologies can be different by the different participants of the
wireless technology world. But, the radical transformations which will affect the way in
which people will communicate in the new millennium is expected to happen in the next
several years.
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Appendix A
Abbreviations49
AA Anonymous Access
AKA Anarchistic Key Authorization
AMPS Advanced Mobile Phone Service
API Application Programming Interface
APN Access Point Name
ATM Asynchronous Transfer Mode
AUTN Authentication Token
BCCH Broadcast Control Channel
BCH Broadcast Channel
BER Bit Error Rate
BG Border Gateway
BSSGP Base Station System GPRS Protocol
BVCI BSSGP Virtual Connection Identifier
CAMEL Customized Application For Mobile Network Enhanced Logic
CAP Camel Application Part
CCCH Common Control Channel
CCU Channel Codec Unit
CK Cipher Key
CPCH Common Packet Channel (UL)
CRC Cyclic Redundancy Check
CS Circuit Switched
CSE Camel Service Environment
DCA Dynamic Channel Allocation
DCCH Dedicated Control Channel
DCH Dedicated Channel
DECT Digital Enhanced Cordless Telecommunications
DHCP Dynamic Host Configuration Protocol
DNIC Data Network Identification Code
DNS Domain Name System
DRNC Drift Radio Network Controller
DSCH Downlink Shared Channel
DTCH Dedicated Traffic Channel
EGPRS Enhanced GPRS
ETSI European Telecommunications Standards Institute
FACH Forward Link Access Channel
FAUSCH Fast Uplink Signaling Channel
FCS Frame Check Sequence
49 The Appendix A is built up with the data taken out of the references [46], [40], [43], [35], [39], [64]
above.
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FDD FrequencyDivision Duplex
GEA GPRS Encryption Algorithm
GGSN Gateway GPRS Support Node
GMM/SM GPRS MobilityManagement and SessionManagement
GSEVI GSM Service Identity Module
GSM Global System for Mobile Communications
GSN GPRS Support Nodes
GTP GPRS Tunneling Protocol
GTP-C GTP Control Plane
GTP-U GTP User Plane
HE Home Environment
HLR Home Location Register
EVIGI International mobile group identity
IMT-2000 International Mobile Telecommunications 2000
IN Intelligent Network
IP Internet Protocol
IPR Intellectual Property Rights
IPv4 Internet Protocol version 4
IPv6 Internet Protocol version 6
ISP Internet Service Provider
ITU International Telecommunication Union
LI Layer 1 (physical layer)
L2 Layer 2 (data link layer)
L3 Layer 3 (network layer)
L2TP Layer-2 Tunneling Protocol
LAC Link Access Control
LAI Location Area Identity
LAN Local Area Network
LATA Local Access and Transport Area
LL-PDU LLC PDU
LLC Logical Link Control
MAC Medium Access Control
ME Mobile Equipment
MIP Mobile IP
MM MobilityManagement
MMI Man Machine Interface
MS Mobile Station
MSC Mobile Switching Center
NAMPS Narrowband Analog Mobile Phone Service
NMT Nordic Mobile Telephony
NSDU Network service data unit
NSS Network Subsystem
PBX Private Branch eXchange
PCCH Paging Control Channel
PCH Paging Channel
PCMCIA Personal ComputerMemory Card International Association
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PCU Packet Control Unit
PDCH Packet Data Channel
PDCP Packet Data Convergence Protocol
PDN Packet Data Network
PDP Packet Data Protocol, e.g., IP or X.25
PDU Protocol Data Unit
PIN Personal Identity Number
PLMN Public Land Mobile Network
PMM Predictive MobilityManagement
PNP Private Numbering Plan
PPF Paging Proceed Flag
PPP Point-to-Point Protocol
PTM Point To Multipoint
PTP Point To Point
PVC Permanent Virtual Circuit
QoS Quality of Service
RA Routing Area
RAB Radio Access Bearer
RAC Routing Area Code
RACH Random Access Channel
RAI Routing Area Identity
RANAP Radio Access Network Application Protocol
RLC Radio Link Control
RNC Radio Network Controller
RNS Radio Network Subsystem
RRC Radio Resource Control
SACCH Slow Associated Control Channel
SAP Service Access Point
SAT SIM Application Tool-Kit
SCCH Synchronization Control Channel
SCH Synchronization Channel
SDU Service Data Unit
SGSN Serving GPRS Support Node
SHCCH Shared Channel Control Channel
SIM Subscriber IdentityModule
SM Short Message
SMS Short Message Service
SRNC Serving Radio Network Controller
SRNS Serving Radio Network Subsystem
SSF Service Switching Function
TACS Total Access Communications System
TCH Traffic Channel
TCP Transmission Control Protocol
TDD Time Division Duplex
TID Tunnel Identifier
TRAU Transcoder and Rate Adaptor Unit
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UDP User Datagram Protocol
UEA UMTS Encryption Algorithm
UICC UMTS IC Card
UMTS Universal Mobile Telecommunications System
URA UTRAN Registration Area
USEVI UMTS Subscriber IdentityModule
UTRA UMTS Terrestrial Radio Access
UTRAN UMTS Terrestrial Radio Access Network
VHE Virtual Home Environment
VOIP Voice Over IP
WAE Wireless Application Environment
WAP Wireless Application Protocol
WDP Wireless Datagram Protocol
WSP Wireless Session Protocol
WTA Wireless Telephony Application
WTLS Wireless Transport Layer Security
WTP Wireless Transaction Protocol
XCDR Transcoder
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